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INTRODUCTION 


This  is  a report  on  the  concluding  year  of  a study  in  depth  on  the 
chemistry  and  metabolism  of  ascorbic  acid  and  isoascorbic  acid  or  erythorbic 
acid.  The  broad  objectives  of  the  research  were  to  study  in  detail  the 
biochemistry  of  these  compounds  to  provide  the  fundamental  background  for 
further  studies  on  the  nutritive  and  stress  requirement  for  the  soldier 
for  vitamin  C.  A further  aspect  of  the  study  was  to  determine  the  metabolic 
interaction  of  ascorbic  acid  and  erythorbic  acid,  since  the  latter  is  an 
optical  isomer  of  vitamin  C and  also  a common  food  additive,  especially  in 
military  emergency  rations. 

During  the  period  of  this  report,  three  major  projects  were  studied  - 
the  first  was  the  nature  and  enzymic  properties  of  ascorbate  sulfatase;  the 
second  was  whether  C-6  oxidation  of  ascorbic  acid  was  a significant  process 
in  ascorbic  acid  metabolisms;  and  the  third  was  an  effort  to  prepare  a C-6 
oxidized  ascorbic  acid  by  synthetic  methods,  so  that  its  presence  or  absence 
in  biological  tissue  could  be  tested. 


REPORT  ON  ASCORBATE  SULFATE  SULFOHYDRQLASE 

Ascorbate  is  a ubiquitous  metabolite  of  ascorbic  acid  in  higher 
animals.  It  is  a vitamin  in  several  species  of  fish.  But  most  important 
of  all,  it  is  stable  to  air  oxidation  and  does  not  hydrolyze  at  neutral 
pH's.  Thus  it  has  special  nutritive  value  for  fish.  Man  surely  ingests 
a considerable  amount  in  his  diet. 


If  ascorbate  sulfate  is  to  serve  as  a source  of  ascorbic  acid  there 
should  be  an  enzyme  that  can  hydrolyze  this  compound  back  to  ascorbic  acid. 

We  have  discovered  such  a compound  in  a number  of  animals,  and  examined  in 
detail  the  properties  of  the  enzyme  from  cow  liver.  This  report  is  attached. 


Two  interesting  questions  remain:  ascorbate  sulfatase  is  very  similar 
to  an  important  animal  enzyme  called  aryl  sulfatase  A.  The  absence  of  aryl 
sulfatase  A in  humans  results  in  the  genetic  disease  metachromatic  leukodystrophy. 
What  is  the  relationship  between  these  enzymes  and  what  is  their  metabolic 
role?  The  other  problem  is  whether  ascorbate  sulfatase  serves  to  hydrolyze 
any  significant  amount  of  ascorbate  sulfate,  and  whether  the  ascorbate 
sulfate  has  a biological  role.  At  present,  it  seems  ascorbate  is  both 
an  excretion  form  of  ascorbic  acid,  and  has  biological  function,  perhaps 
as  an  hypolipodemic  agent. 
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REPORT  ON  C-6  OXIDATION  OF  ASCORBIC  ACID 


J 


Whether  there  is  significant  C-6  oxidation  of  ascorbic  acid  in 

higher  animals  was  tested  in  two  ways.  First,  a periodate  degradation 

for  ascorbic  acid  was  developed,  see  attached  reprint  (1976)  and  this 

14 

method  was  applied  to  urine  of  monkeys  and  rats  given  [6-  C]  - ascorbic 
acid.  The  experiments,  see  attached  reprint,  showed  that  about  45% 
of  all  ascorbic  acid  metabolites  were  no  longer  in  the  -CHo0H  oxidation 
state,  characteristic  of  ascorbic  acid. 

3 

To  confirm  this  result  [6-  H]  - ascorbic  acid  was  injected  into 

3 

monkeys  and  their  excretion  of  H in  urine  measured.  The  excretion  was 

3 3 

determined  for  H-water  in  the  urine  and  for  organic  bound  H in  urine. 

This  study,  see  attached  reprint,  showed  that  again  about  45%  of  the 

tritum  had  been  released  from  the  ascorbic  acid  metabolites  and  appeared 

in  the  urine. 

The  biological  significance  of  this  side  chain  metabolism  of  ascorbic 
acid  could  be  related  to  some  special  function  of  ascorbic  acid  - vitamin  C. 

PREPARATION  OF  SACCHARQASCORBIC  ACID 

If  ascorbic  acid  is  subject  to  C-6  oxidation,  a likely  product  is 
ascorbic  acid  with  a side  chain  terminal  carbon  oxidized  to  a carboxyl 
group,  or  saccharoascorbic  acid.  Preparation  of  this  compound  was  attempted 
in  various  ways.  Success  was  finally  achieved  using  the  method  shown  in 
Figure  1.  Details  of  the  procedure  were  published  in  1978. 

Harkrader,  R.J.,  Plunkett,  L.M.,  and  Tolbert,  B.M.,  "Periodate  Degradation 
of  Labeled  Ascorbic  Acid,"  Analytical  Biochemistry  7_2,  310-314  (1976). 

About  a month  after  the  new  contract  year  began,  October  15,  1975, 
support  for  this  work  was  terminated  effective  January  15th.  This  date  was 
later  extended  to  June  30th  with  no  additional  funds  to  allow  a more  orderly 
termination  of  the  graduate  students  who  were  doing  the  work  described  in 
this  report. 

Their  work  has  been  of  outstanding  quality  and  their  results  have  been 
the  basis  of  significant  further  studies  on  the  metabolism  of  ascorbic  acid. 

The  problem  remains  to  obtain  solid  scientific  results  from  which  optimum 
intakes  of  ascorbic  acid  can  be  determined  for  the  soldier  under  various 
conditions  to  maximize  his  ability  as  a military  man. 


-2- 


111'IU.MbMH.tL) 

SECURITY  CL  *SSI  FIC  ATIQn  OF  TMI5  PAGE  'W'flpn  Data  Fnlarad) 


REPORT  DOCUMENTATION  PAGE 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 


ti-’l  g i— * — — ••  • — - / Cy 1 ^ — r - — ■— — . 

Ascorbic  Acid,  Biological  Function  and  / ' — \ / I 7)  3*  l . - P “ * > 

Chemistry,  ‘ a 2 

— . 1 S PERFORMING  ORG.  REF  _ 

lx 


(yrfjl  Bert  M^n"olbert 


ft'/  6 V - • X 

N”P  ACT  QP  G P A s "•  S'UMB^S)/  ^ 


/S  \ DA -49-1 93-MD-261 1 


I 9 PERFORMING  ORGANlZA’iON  SAME  AND  ADDRESS  1C-  PROGRAM  £wEMENt  PROJECT  ^ ASK 

_ f //  AREA  a WORK  UNIT  NUMBERS 

The  Regents  of  the  University  of  Colorado  i /^x^,p_bUJl2A  ^ 

Boulder,  Colorado  30309  . 006 


Boulder,  Colorado  80309 


61102A5/ 

I CT2 B 7 1 8102 . 006 


II.  CONTROLLING  O-FICE  NAME  AND  ADDRESS 


U.  S.  Army  Medical  Research  and  Development  ( // ) August  1978  / $ 

Command;  Fort  Detrick;  Frederick,  MD  21 701  wumbe* • 

,-216 

14.  MONITORING  AGEnCY  name.  & ADDntSS^i^  d(//erenf  from  Controlling  Office  '■  ’5.  SEC  jRiT  Y CLASS.  ' <ft  ihr*~Yepcr  t. 


f />/  J 


I Unclassified 

15a  DECuASS:FlCATION  DOWNGRADING 
SCHEDULE 


'6.  DlSTR'BUTlDN  ST  ATEm£  \ ” of  this  Report, 


Approved  for  public  release;  distribution  unlimited. 


17.  DISTRIBUTION  S <ENT  ’ot  ■ abstract  entered  in  Block  20,  If  different  from  Report) 


10  SURR  - EMENT  ARY  TES 


1 9 KEY  WORDS  Continue  on  reverse  side  if  necessary  and  identifv  by  block  number) 

Ascorbic  acid,  scurvy,  vitamin  C,  saccharoascorbic  acid,  ascorbate 
phosphate,  ascorbate  sulfate 


Z2  ABSTRACT  'Continue  on  reverse  side  if  nece  s sary  and  identify  by  block  number > 

This  is  a final  report  on  the  chemistry  and  metabolism  of  ascorbic 
acid.  Topics  covered  in  detail  include:  metabolites  in  urine  and  saliva, 
enzymology  of  ascorbate  sulfatose,  synthesis  of  saccharoascorbic  acid, 
periodate  degradation  of  ascorbic  acid  and  C-6  oxidation  of  ascorbic  acid. 


DD  , 1473 


~ f/  UNCLASSIFIED 

Y*  V R*  ■"  ' SECURITY  CLASSIFICATION  of  TPIS  page  IP, an 


Data  Fntered) 


***** 


ASCORBIC  ACID,  BIOLOGICAL  FUNCTION  AND  CHEMISTRY 
FINAL  REPORT 


Project  Director: 
Bert  M.  Tolbert,  Ph.D. 


August  1978 

(For  the  Period  1 July  1964  to  30  June  1976) 


Supported  by 

U.  S.  ARMY  MEDICAL  RESEARCH  & DEVELOPMENT  COMMAND 
Fort  Detrick 

Frederick,  Maryland  21701 


Contract  No.  DA-49-1 93-MD-261 1 


Department  of  Chemistry 
University  of  Colorado 
Boulder,  Colorado  80309 


ACCESSION 

tor 

NTB 

DOC 

UNAtWODNC 

JUSTIfICATI 

White  Section  J^T 
Butt  Section  □ 
EO  □ 

ON  

BY 

DISTRI5UT 

ION  AVAILABILITY  COOES 

U'it. 

ui  or  SPECIAL 

* 

Approved  for  public  release;  distribution  unlimited. 


The  findings  in  this  report  are  not  to  be  construed  as  an  official  Department 
of  the  Army  position  unless  so  designated  by  other  authorized  documents. 


r i i 


Introduction 

This  is  the  final  report  of  a twelve-year  study  on  the  chemistry  and 
biochemistry  of  ascorbic  acid  Vitamin  C.  Ascorbic  acid  is  an  essential 
nutrient  in  the  soldier  (man)  and  in  addition,  recent  studies  suggest  that 
it  has  a variety  of  significant  physiological  functions  that  are  related 
to  the  ability  of  the  soldier  to  function  adequately  under  a variety  of 
environmental  conditions.  The  nutritional  or  pharmacological  level  of 
ascorbic  acid  intake  for  maximum  well  being  in  man  is  a subject  of  con- 
siderable technical  controversy  and  although  some  of  the  effects  of 
increased  ascorbic  acid  intake  may  be  small,  the  possibility  that  supple- 
mental intake  of  ascorbic  acid  can  provide  improved  mental  and  physio- 
logical well  being,  improved  wound  healing  and  recovery  from  disease, 
and  greater  resistance  to  the  debilitating  effects  of  unfavorable  environ- 
mental conditions,  more  than  justifies  military  support  of  research  on 
ascorbic  acid. 

In  addition,  scurvy,  the  overt  deficiency  disease  from  inadequate 
dietary  vitamin  C,  is  an  important  disease  of  man  in  war  or  whenever  human 
populations  are  displaced  from  normal  food  practices.  Scurvy  is  an  essen- 
tial aspect  of  military  nutrition,  although  it  is  under  excellent  control 
today  with  synthetic  ascorbic  acid  supplements.  That  is  not  to  say  it  will 
never  return,  for  under  the  pressure  of  extended  military  operations  in 
hostile  environments,  this  nutritional -medical  problem  can  quickly  reoccur, 
even  as  it  has  in  countless  episodes  in  the  history  of  man. 

The  discovery  and  synthesis  of  ascorbic  acid  is,  comparatively  speak- 
ing, a relatively  modern  event  achieved  in  the  period  1928  to  1932.  The 
elucidation  of  the  molecular  basis  of  its  essential  biochemical  roles  in 
biological  systems  has  yet  to  be  completed.  It  is  known  to  be  a general 
oxidizing-reducing  compound  and  to  have  a critical  role  in  a number  of 
hydroxylation  reactions.  These  functions,  or  our  knowledge  of  these  func- 
tions, are  not  adequate  to  explain  many  other  facts  known  about  this  vita- 
min. Most  important  of  these  facts  is  the  wide  distribution,  in  fact, 
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ubiquitous  presence  of  ascorbic  acid  in  all  multicellular  organisms  and  in 
unicellular  eucaryotes.  The  role  of  ascorbic  acid  in  plants,  primitive 
animals,  and  even  algae  is  unknown.  In  higher  animals,  the  distribution  of 
ascorbic  acid  is  unique  and  unexplained.  It  is  present  in  high  levels  in 
such  tissue  as  the  brain,  eye,  gonads  and  salivary  glands,  as  well  as  adre- 
nals. The  levels  of  ascorbic  acid  in  higher  animals  is  controlled  by  several 
facilitated  transport  systems  and  thus  rather  specifically  maintained, 
suggesting  a regulatory  role  for  ascorbic  acid.  Such  a regulatory  role 
for  ascorbic  acid  is  also  suggested  by  distribution  and  levels  of  this 
enzyme  in  plants.  One  can  conservatively  state  that  an  adequate  understand- 
ing of  the  distribution  and  function  of  ascorbic  acid  in  biological  systems 
would  provide  a scientific  basis  on  which  we  could  develop  patterns  of 
use  of  ascorbic  acid  for  the  optimum  health  and  well  being  of  man,  including 
the  soldier. 

Many  scientific  approaches  to  the  problem  of  the  essential  roles  of 
ascorbic  acid  in  animals  have  been  made.  The  most  common  is  to  carry  out 
a physiological,  nutritional,  or  medical  problem  with  or  without  added 
ascorbic  acid  and  to  measure  the  magnitude  of  the  effect.  In  reality,  these 
are  serendipitous  experiments,  but  in  total,  a great  number  of  interesting 
effects  have  been  reported,  and  are  still  being  discovered.  However,  no 
unifying  biochemical  theory  for  their  molecular  basis  has  been  discovered. 

The  primary  objective  of  the  research  supported  by  this  contract  has 
been  to  workout  the  biochemistry  and  metabolism  of  ascorbic  acid  and  to  use 
this  information  as  a basis  for  physiological  and  nutritional  studies  con- 
cerning Vit  C in  man. 

The  evolution  of  the  chemical  and  biochemical  problems  studied  in  this 
research  is  interesting  and  informative.  They  indicate  a continuing  increase 
in  our  knowledge  of  this  vitamin.  A summary  of  the  scientific  aims  for  this 
study  for  the  years  1965  through  1975  is  given  below,  together  with  current 
comments. 

16  April  1965.  Aims.  To  study  oxidation  of  ascorbic  acid  (As)  to 
dehydroascorbic  acid  (dAs)  to  oxalate  on  a chemical  and  enzymic  level. 
Comments . The  objective  is  sound,  but  oxalate  will  prove  to  be  a minor 
metabolite,  and  tissue  levels  of  dAs  very  difficult  or  impossible  to  measure. 
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1 June  1966.  Aims.  Same  as  above,  but  broadened  to  cover  sequence 

of  events  involved  in  the  j_n  vivo  catabolism  of  ascorbate. 

1 May  1967.  Aims . Broad  aims  to  cover  the  biochemistry  and  enzy- 
mology  of  As  metabolism  in  the  guinea  pig,  rat  and  human. 

10  April  1968.  Aims . Same  as  in  1967,  but  with  the  introduction  of 
the  concept  that  biochemical  information  on  ascorbic  acid  could  be  used 
to  explore  the  role  of  As  in  the  physiology  of  stress.  Comments . Rather 
complex  carbon-14  labelling  experiments  are  proposed. 

1 March  1969.  Aims.  Objective  same  as  in  1967-1968.  Comments ■ The 
concent  is  introduced  that  specific  biochemical  roles  of  ascorbic  acid  are 
involved  in  the  optimum  use  of  As  by  animal  systems. 

28  May  1970.  Aims.  Same  as  in  1967-1969.  Comments . The  concept  is 

introduced  that  the  food  additive,  D-i soascorbic  acid,  could  have  bad  effects 
in  human  nutrition. 

1 April  1971.  Aims . Same  as  in  1967-19/  "-mmgnts . The  role  of 
ascorbate  sulfate,  a new  metabolite  of  As  in  man  "ed. 

1 June  1972.  Aims . Same  as  in  1967-1970  plus  preparation  of 
ascorbate  derivatives  for  use  in  metabolic  studies. 

23  May  1973.  Aims.  Metabolic  studies  as  before  using  ^C,  ^H,  and 
35 

S labeling  techniques  plus  development  of  analytical  methods  for  As 
metabol ites. 

23  May  1974.  Aims . As  above  plus  a renewed  emphasis  on  effect  of 
stress  on  ascorbate  metabolism,  and  the  possible  effect  of  isoascorbic 
acid  on  As  metabolism  and  utilization.  Comments.  By  now  it  was  recognized 
that  the  best  animal -experimental  results  could  be  obtained  by  studying 
these  factors  in  monkeys.  The  metabolism  of  As  is  quite  different  in  pri- 
mates as  compared  to  rats  or  guinea  pigs. 

May  1975.  Aims . Same  as  in  1974.  Comments . The  early  work  proposed 
under  this  contract  was  a chemical  and  enzymic  study  of  the  only  known 
metabolites  of  ascorbic  acid  in  the  usual  animal  used  for  such  studies,  the 
guinea  pig.  By  the  termination  of  this  study,  it  was  determined  that  the 
guinea  pig  was  not  a good  animal  for  studies--they  should  be  done  in  pri- 
mates--and  that  the  early  metabolites  of  ascorbic  acid  proposed  for  study 
were  minor  products,  probably  of  secondary  interest,  and  that  the  metabolism 
of  ascorbic  acid  was  far  more  complex  than  suggested  by  the  literature  on 
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this  subject.  During  this  period.  Professor  Linus  Pauling  gave  dramatic 
publicity  to  the  concept  that  a high  intake  of  ascorbic  acid  had  value  in 
the  prevention  and  cure  of  colds.  The  publicity  on  the  problem  was  surely 
good,  and  the  number  of  scientific  publications  on  this  subject  increased 
several  fold.  In  ways  the  publicity  obscured  Pauling's  more  fundamental 
point,  namely  that  ascorbic  acid  had  a role  in  generalized  treatment  of  a 
stress,  a concept  that  antedated  Pauling's  public  and  scientific  state- 
ments by  several  decades.  Unfavorable  puDlicity  concerning  Pauling's  pro- 
motional activities  also  tended  to  reflect  poorly  on  a growing  body  of 
knowledge  that  clearly  demonstrates  a role  for  ascorbic  acid  in  stress 
reactions.  This  aspect  of  the  problem  probably  remains  the  one  of  greatest 
potential  interest  to  the  military,  and  one  in  which  fundamental  research 
and  applied  research  are  both  quite  appropriate.  Afterall,  stress  is  a 
major  factor  in  the  well  being  of  the  soldier,  both  in  war  and  peace  time. 

During  the  course  of  this  study,  isoascorbic  acid  has  been  used  many 
times.  It  has  the  same  structural  formula  as  ascorbic  acid,  but  differs  in 
being  a "diasterioisomer"  or  an  "optical  isomer."  It  is  commonly  used  as 
a food  additive  because  of  its  antioxidant  properties.  While  not  toxic  as 
a food  additive,  its  use  in  foods  contradicts  good  biochemical  judgment, 
insofar  as  many  diasterio i somers  of  essential  nutrients  are  antagonists  of 
the  nutrient  itself.  Work  on  the  metabolic  aspects  of  this  problem  are 
important  since  isoascorbic  acid  (commercial  name:  erythorbic  acid)  is  a 
very  common  additive  in  the  military  ration.  This  work  did  not  progress 
very  far,  but  it  remains  an  important  problem.  More  recent  studies,  some 
of  them  currently  in  progress  at  the  laboratory  of  the  principal  investi- 
gator, show  that  major  metabolites  of  ascorbic  acid  have  a chemically  modi- 
fied side  chain.  This  in  turn  indicates  that  isoascorbic  acid  with  a D- 
conf iguration  on  the  side  chain  should  not  be  metabolized  in  a similar  way 
to  ascorbic  acid,  where  the  cor,f iguration  is  L. 

The  following  sections  cover  most  of  the  important  details  of  the 
research  that  have  been  completed  at  this  time  and  not  reported  in  previous 
annual  reports.  In  addition,  several  papers  have  yet  to  be  written.  Sec- 
tions are  as  follows: 
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INTRODUCTION 


Man  has  a total  of  about  two  grams  of  ascorbic  acid  (As)  and 
its  metabolites  in  his  body.  Very  little  of  this  amount  of  ascorbic 
acid  seems  to  be  needed  in  known  and  assigned  biochemical  roles,  such 
as  an  enzyme  cofactor  in  the  nydroxylation  of  proline  ana  amino  acid 
metabolism.  The  highest  concentrations  of  As  are  found  in  tissues 
such  as  the  brain,  salivary  glands,  and  gonads,  where  no  significant 
amounts  of  hydroxyprol ine  synthesis  occur.  The  disturbing  fact 
remains  that  for  most  of  the  As  found  in  the  body,  the  biochemically 
active  form(s)  and  biochemical  role(s)  are  unknown.  The  discovery 
of  catabolic  products  may  lead  to  discovery  of  a new  biologically 
active  form  of  ascorbic  acid.  Such  an  active  form  of  ascorbic  acid 
could,  in  turn,  suggest  a possible  chemical  role  for  As,  thus  helping 
to  explain  the  unknown  function  of  the  overwhelmingly  greater  portion 
of  this  essential  bodily  substance. 

Cornnon  assay  methods  for  determining  As  levels  in  biological 
tissues  are  based  on  one  of  the  following  chemical  properties  of 
ascorbic  acid:  1)  the  reduction  capacity  of  the  enediol  group,  and 
2)  the  ability  of  oxidized  ascorbic  acid  to  form  an  osazone. 

Methods  of  employing  the  reduction  capacity  of  As  rely  on  the 
detection  of  those  substances  reduced  by  As,  such  as  iodine,  ohos- 
phomolydate,  ferric  ions,  methylene  blue,  and  dichloroindophenol 
(DCIP).  Of  these  oxidizing  agents,  the  DCIP  test,  introduced  by 
Tillmans  (1),  has  the  greatest  specificity  for  As  in  biological 
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tissues.  Eessey  (2)  showed  the  nighest  specificity  of  the  DCIP 
method  for  As  at  pH  3.5.  At  pH  4.0  naturally  occurring  phenol ic  or 
sulfhydryl  groups  may  react  with  OCIP.  Thiosulfate,  sulfite, 
ferrous,  cuprous  and  stannous  salts  interfere  with  the  DCIP  test 
(3).  At  a pH  of  greater  than  or  equal  to  7,  DCIP  is  a dark  blue 
color.  At  a pH  of  less  than  7,  DCIP  is  a light  pink  color.  Reduced 
DCIP  is  colorless  at  any  pH.  Visualization  of  the  light  pink  end- 
point of  a dilute  DCIP  solution  in  a DCIP  titration  assay  is  uncer- 
tain at  best.  In  preference  to  visualization,  spectrophotometers 
have  been  used  even  though  many  corrections  are  necessary  for  the 
large  background  absorption  and  slowly  reacting  substances  associated 
with  most  biological  tissues.  DCIP  reacts  on  an  equimolar  basis  with 
ascorbic  acid.  Zannoni  (4)  developed  a more  sensitive  colorimetric 
procedure  where  the  ferric  ion  was  reduced  to  the  ferrous  state.  The 
reduced  iron  couples  with  2,2' -dipyridyl  to  produce  a red  color.  The 
color  development  is  read  at  525  nm  and  is  linear  with  the  amount  of 
ascorbic  acid. 

An  assay  based  on  the  ability  of  oxidized  As  to  form  an 
osazone  with  2,4-di ni tropnenyl hydrazi ne  (DNPH)  was  developed  by  Roe 
and  Kuether  (5).  Trichloroacetic  acid  (TCA)  is  added  to  the  sample, 
then  the  ascorbic  acid  is  oxidized  to  denydroascorbic  acid  usually 
with  Norit  and  either  filtered  or  centrifuged.  The  sample  may  or  may 
not  be  centrifuged  prior  to  oxidation.  The  DNPH  in  9N  H?S0^  is  added 
to  react  with  the  oxidized  As  to  form  an  osazone  while  incubating  at 
elevated  temperatures  (eg.  3 hours  at  37°C,  1 hour  at  56").  The 
samples  are  cooled  in  an  ice  water  bath,  and  the  osazone  crystals 
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are  slowly  dissolved  in  30,  w/w  H?S0j.  The  red  color  developed  is 
recorded  at  about  515  n:n.  The  515  nm  absorbance  for  the  As  standards 
is  directly  proportional  to  the  amount  of  As  present  up  to  about 
50  ..g  (5).  The  sensitivity  of  this  colorimetric  method  is  second 
only  to  the  Zannoni  method.  The  specificity  of  the  DNPH  method  is 
poor.  All  five  and  six  carbon  sugar-like  compounds  produce  the  red 
color,  but  this  color  fades  more  quickly  than  with  As  and  the  method 
allows  30  minutes  prior  to  color  absorption  measurement.  Additional 
interference  occurs  from  the  known  metabol ites — deiiydroascorbic  acid, 
As-2-S0^  (5),  and  could  manifest  from  other  As  derivatives.  C-6 
ascorbate  oxidation  is  a known  major  metabolic  process  (7)  and  could 
result  in  such  derivatives  as  saccharoascorbic  acid  (3),  which  is 
shown  in  this  thesis  to  assay  on  an  equimolar  basis  with  As  in  the 
DNPH,  DCIP  and  Zannoni  methods.  Also,  derivatives  of  As  with  acid 
labile  groups  on  the  C-2  and  C-3  positions  could  significantly  inter- 
fere with  the  DNPH  assay  after  hydrolysis  at  those  positions,  since 
the  acid  concentration  is  greater  than  3N  at  elevated  temperatures 
during  color  development.  This  interference  has  been  demonstrated 
with  ascorbate-2-sul fate  (As-2-SO.},  a known  metabolite,  by  Baker, 
et  al.  (6)  using  the  DNPH  method.  Another  problem  with  the  DNPH 
method  is  that  much  biological  material  is  precipitated  and  removed 
by  either  filtration  or  centrifugation.  The  extent  of  precipitation 
and  removal  of  DNPH  material  fluctuates  due  to  different  analytical 
procedures.  Thus,  caution  must  be  used  when  interpreting  "whole" 
sample  analysis  by  the  DNPH  method. 
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In  the  search  for  ascorbic  acid  in  biological  tissues, 
saliva  has  been  investigated.  The  first  investigator  of  ascorbate 
in  human  saliva  was  Stuteville  in  1935  (9).  Stuteville  used  the 
DCIP  titration  method  on  paraffin-stimulated  and  acidified  saliva. 

He  reported  a measurable  level  of  2.5  „.g  ascorbic  acid  per  milliliter 
of  whole  saliva.  Stuteville  also  did  a biological  test  with  saliva 
on  a single  guinea  pig.  The  guinea  pig  was  scorbutic  with  rapidly 
declining  weight.  The  animal  was  given  a daily  dose  of  saliva,  and 
the  weight  loss  was  stopped  with  a slight  net  weight  gain.  The  bio- 
assay suggested  that  an  antiscorbutic  factor  was  present  in  saliva, 
but  the  value  of  a single  animal  experiment  is  highly  questionable. 
Zimmet  and  Duboi s-Ferri ere  (10)  reported  an  average  of  1.42  pg  As 
per  ml  of  saliva  in  ten  human  subjects  of  good  health  using  the 
DCIP  assay.  Glavind  et  al.  ( 11 ) determined  the  ascorbic  acid  con- 
centration by  the  DNPH  method  of  a stimulated  human  saliva  sample  to 
be  1.7  pg  As  per  ml  and  of  a non-stimul ated  sample  to  be  2.4  pg 
As/ml . In  a study  of  85  subjects,  Hess  and  Smith  (12)  reported  a 
mean  As  concentration  of  1.9  g As/ml  for  unstimulated  saliva  using 
the  DNPH  test.  Also,  a mean  salivary  As  concentration  of  0.7  pg 
As/ml  for  110  subjects  by  the  DNPH  assay  was  reported  by  Freeman 
and  Hafkesbring  (13).  The  measurements  of  ascorbic  acid  levels  in 
saliva  listed  above  were  determined  on  "whole"  saliva.  As  mentioned 
previously,  the  DNPH  method  necessarily  removes  precipitated 
materials  to  some  extent  due  to  the  analytical  procedure  of  certri- 
fugation  or  filtration  to  remove  the  Norit. 


Whole  saliva  consists  of  secretions  from  two  cell  types: 
serous  -ells  which  excrete  a clear  watery  fluid,  and  mucous  cells 
which  excrete  a thick  mucous.  There  are  three  salivary  glands  in 
man:  the  parotid,  the  submaxillary  and  tne  suolingual  glands.  The 
parotid  ducts  are  located  on  the  cheeks  across  from  the  upper  back 
molars  and  lead  from  serous  cells  only.  The  submaxillary  ducts  are 
located  at  the  most  forward  junction  of  the  tongue  with  the  floor  of 
the  mouth.  The  submaxillary  ducts  lead  from  serous  cells  and  some 
mucous  cells.  The  sublingual  ducts  open  at  the  junction  of  the 
tongue  with  the  floor  of  the  mouth,  but  are  lateral  to  the  tongue 
on  each  side.  There  are  also  sublingual  ducts  which  exit  with  the 
submaxillary  ducts.  Sublingual  glands  consist  of  mucous  cells  and 
some  serous  cells.  Saliva  is  greater  than  99:1  water.  The  solids 
of  saliva  consist  of  inorganic  salts,  a small  amount  of  urea,  mucin 
(a  glycoprotein),  enzymes  for  polysaccharide  hydrolysis  and  traces 
of  some  vitamins  (14,  15).  Whole  saliva  samples  may  contain  food 
debris,  oral  epithelial  cells,  bacteria,  fluid  from  pockets  of  the 
gums,  and  blood  cells  --any  of  which  might  effect  the  results  of  an 
ascorbic  acid  assay  of  the  whole  saliva. 

Pretreatment  of  whole  saliva  by  centrifugation  on  25 
salivary  samples  resulted  in  an  average  value  of  0.93  ug  As/ml  by 
the  DNPH  test  as  reported  by  Dreizen  (14).  The  sediment  fractions 
from  the  above  samples  averaged  2.16  vg  As/ml.  Dreizen  (14)  also 
found  the  sediment  of  centrifuged  saliva  higher  in  Vitamin  A, 
pantothenic  acid,  nicotinic  acid,  and  biotin.  Ma'kila  and  Kirveskari 
(15)  found  the  sediment  higher  in  folic  acid.  Oduiaosu  and  Wilson 
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(16),  using  the  DfIPH  assay,  reported  that  whole  saliva  after  treat- 
ment with  TCA  and  centrifugation  contains  one  sixth  as  much  As  as 
found  in  whole  saliva  with  no  pretreatment.  Examination  of  the 
sediment  showed  epithelial  and  mucosal  cells,  food  particles  and 
some  polymorphonuclear  cells.  Selective  staining  of  tne  cells  with 
silver  nitrate  was  reported  to  snow  granules  of  As  in  the  cytoplasm 
ana  cell  nuclei  (16);  however,  the  specificity  of  the  silver  nitrate 
method  for  As  in  biological  tissue  has  not  been  extensively  inves- 
tigated. 

Stimulated  parotid  saliva  was  assayed  for  As  using  the 
DNPri  test  by  Bates  (17),  who  reported  a value  of  1.9  ug  As/ ml  from, 
averaging  the  results  from  66  human  males,  and  a value  of  2.3  ug 
As/ ml  from  averaging  the  results  of  40  human  females.  Makila  and 
Kirveskari  (18)  collected  carotid  saliva  and  mixed  submaxillary  and 
sublingual  saliva  by  olafactory  stimulation  from  subjects  who  had 
fasted  a minimum  of  12  hours.  The  mean  parotid  value  was  1.26  ug 
As/ ml  by  the  DMPH  assay  on  13  subjects.  The  reported  value  for  the 
mixed  submaxillary  and  sublingual  saliva  on  the  same  13  subjects  was 
0.60  ,.g  As/ ml,  also  by  the  DNPH  method. 

In  addition  to  the  DC  IP,  DNPH  and  Zannoni  methods,  confirma- 
tion of  the  presence  of  As  in  biological  tissues  by  means  of  chroma- 
tography has  been  attempted  more  recently.  Bates  (17)  reported  he 
was  unable  to  confirm  the  presence  of  free  ascorbic  acid  in  saliva 
by  using  chromatography.  Feller  et  al.  (19)  attempted  to  detect  As 
by  paper  and  gas  chromatography  using  pilocarpine  stimulated  parotid 
and  whole  saliva  from  dog  and  saliva  from  humans.  They  reported  no 


detectable  free  ascorbic  acid  in  saliva,  and  their  recoveries 
of  As  when  mixed  with,  saliva  were  excellent. 


7 


In  contrast,  Smith  (20)  reported  in  an  abstract  that  human 
saliva  contains  50  ascorbic  acid  and  50"  dehydroascorbic  acid, 
observed  by  liquid  chromatography.  Using  the  Zannoni  method.  Smith 
reported  a total  concentration  of  the  reduced  and  oxidized  forms  of 
As  in  saliva  as  being  approximately  the  blood  level  (10  ,.g  As/ml). 

Many  investigations  have  been  undertaken  to  determine  whether 
there  is  an  ascoroic  acid  dose  response  in  salivary  As  levels  in  man. 
Zimmet  ana  Duboi s-Ferriere  (10)  administered  orally  500  mg  As  and 
observed  no  increase  in  salivary  ascorbic  acid  by  the  DNPH  test. 

Hess  and  Smith  (12)  orally  administered  500  mg  As  dissolved  in  ’water 
and  observed  that  for  3 hours  there  was  no  increase  in  salivary  As 
using  the  DNPH  assay.  Dreizen  (14)  gave  500  mg  of  ascorbic  acid 
daily  for  seven  days.  Salivary  samples  on  the  eighth  day  failed  to 
show  a statistically  significant  rise  in  ascorbic  acid  by  the  DNPH 
test  as  compared  with  the  preadministration  saliva  samples.  However, 
Mdkila  and  Kirveskari  (18),  using  the  DNPH  method,  found  a parotid 
As  concentration  rising  trend  maximizing  in  four  to  eight  (4-8)  hours 
after  oral  admi ni stration  of  580  mg  of  As  to  subjects  who  had  fasted 
for  a minimum  of  12  hours.  Makila  and  Kirveskari  suggest  that  a 
negative  result  could  be  expected  using  whole  saliva  because  of  large 
background  levels  and  possible  associated  errors  mentioned  previously, 
and  because  the  three  hour  investigation  period  used  by  investigators 
was  too  short.  Dessy  and  Doneddu  (21)  noted  a slight  increase  in 


saliva  As  levels  2-3  hours  after  administration  of  1 gram  of  ascorbic 
acid  given  intravenously,  but  they  quoted  no  figures. 

The  correlation  of  saliva  ascorbic  acid  levels  with  other 
tissues  in  man  is  non-existent,  freeman  and  Hafkesbrinq  (13 J reported 
that  blood,  urine  and  saliva  DNPH  reactive  material  concentrations 
did  not  correlate.  Bicknell  and  Prescott  (22)  concluded  that  the 
salivary  glands  secrete  ascorbic  acid  independently  of  the  levels  in 
other  tissues.  Bates  (17)  investigated  the  levels  of  ascorbic  acid 
in  saliva,  plasma  and  white  blood  cells  (WBC).  The  saliva  and  WBC 
ascorbic  acid  levels  were  estimated  using  the  DNPH  assay.  The  plasma 
levels  of  As  were  determined  by  the  DC  IP  method.  Bates  reported  a 
significant  correlation  (P  < 0.001)  between  the  As  concentration  of 
saliva  and  that  of  WBC  in  young  (dental  students)  and  old  (over  65) 
male  subjects.  Bates  did  not  find  this  same  correlation  for  female 
subjects.  No  other  statistically  significant  correlations  of  the 
levels  of  ascorbic  acid  in  the  three  fluids  was  observed. 

Low  salivary  levels  of  As  as  measured  by  the  DNPH  test  have 
been  reported  for  subjects  with  pathological  conditions  in  which 
vitamin  C nutrition  is  considered  to  be  disc;.-  i i j os  (23)  re- 

ported low  levels  of  ascorbic  acid  in  the  saliva  o TB  subjects. 

Zimmet  and  Dubois-Ferriere  (24)  observed  that  some  infectious  diseases 
result  in  lew  As  concentrations  in  saliva.  Post-tonsillectomy  sub- 
jects were  reported  to  have  low  ascorbic  acid  levels  in  saliva  (25). 
Lower  salivary  As  values  have  been  reported  in  patients  with  caries 
as  compared  to  healthy  subjects  (10).  However,  Hess  and  Smith  (12) 


observed  no  significant  difference  in  salivary  As  concentrations 
in  carious  and  noncaricus  patients. 
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Chapter  I 

i4C-As  LABELING  OF  THE  RATS:  SPECIFIC  ACTIVITY 
OF  14C  in  SALIVA  AND  URINE 

Introduction 

Literature  reports  have  given  some  indication  that  the 
frequently  used  wet  chemical  As  assays  are  reacting  with  some 
material  other  than  As  in  saliva.  Numerous  papers  report  levels 
of  ascorbic  acid  in  human  saliva  of  about  0.6-2. 5 ;.g/ml  (9,  10,  11, 
12).  These  levels  of  As  in  saliva  are  obtained  using  wet  chemical 
assays,  namely  the  DNPH,  Zannoni  and  DCIr  methods,  thought  to  be 
specific  for  As  in  biological  tissues.  However,  Feller,  et  al . (19), 
using  Daper  and  gas  chromatogra^ny , found  no  detectable  levels  of 
ascorbic  acid  in  pilocarpine  stimulated  saliva  in  dog,  but  did  re- 
port using  the  dini trophenyl hydrazine  (DNPH)  wet  chemical  As  assay, 
a DNPH  reactive  material  equal  to  a standard  As  value  of  0.9  ug/ml. 

In  light  of  Feller's  work  and  the  interference  in  the  DNPH  assay  of 
the  known  metabolite  As-2-30^,  the  specificity  of  the  DNPH,  Zannoni, 

and  DCIP  assays  for  detecting  As  in  biological  tissues  is  suspect. 

1 4 

Therefore,  C-As  was  chosen  to  be  used  as  a highly  specific  analyti- 
cal tool  to  detect  As  and  As  metabolites.  Rats  were  chosen  for 
radioactive  labeling  because  they  were  available  and  easily  handled. 
The  radioactive  labeling  of  rats  is  described  in  this  section. 
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Methods 


Radioactive  Labeling  of  Rat  and  Saliva  Collection 

14 

A glass  vial  containing  solid  C-As  in  a vacuum  was  opened. 
Enough  double-distilled  sterile  water  was  added  to  make  an  isotonic 
solution  and  dissolve  the  As.  Immediately,  the  dissolved  1-^C- 
ascorbic  acid  with  a specific  activity  of  50  ;iCi/10  mg  was  injected 
subcutaneously  (s.c.)  into  an  albino  female  rat.  In  some  cases, 
the  radioactive  vial  was  rinsed  with  sterile  sal  it e.  The  vial  rinse 
was  withdrawn  with  the  same  syringe  containing  the  original  radio- 


active As  solution.  This  radioactive  solution  was  then  injected 
s.c.  The  vial  was  rinsed  with  saline  a second  time  and  the  contents 
withdrawn  into  the  original  radioactive  syringe.  This  second  vial 
rinse  was  also  injected  s.c.  The  volume  of  the  second  vial  rinse 
was  at  least  equal  to  the  sum  of  the  volumes  of  the  original  radio- 
active As  solution  and  first  vial  rinse  solution.  Just  prior  to 
saliva  collection,  the  rat  was  inserted  into  a slightly  elastic 
cloth  tube  equipped  with  neck  and  tail  draw  strings.  This  tube 
allowed  easy  breathing  but  virtually  no  leg  movement.  A sterile 


isotonic  water  solution  of  pilocarpine,  equivalent  to  about  6.7  x 

_ 7 


10  g pilocarpine  HCl/kg  body  weight,  was  injected  interperi tone- 
ally  through  the  cloth  tube.  The  rat  was  then  laid  ventral  side  down 
upon  a rack,  which  was  tilted  at  about  30°  so  that  the  rat's  head 
was  down.  Whole  saliva  was  aspirated  into  a small  filter  flask. 
Collection  of  saliva  began  approximately  two  minutes  after  the  pilo- 
carpine injection  and  continued  for  20  to  30  minutes.  A typical 
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20-30  minute  collection  period  resulted  in  about  1 ml  of  saliva 
being  collected,  although  sometimes  much  less  was  collected.  After 
withdrawal  of  an  aliquot  of  saliva  for  scintillation  counting,  the 
filter  flask  was  sealed  with  paraffin  and  refrigerated  at  C^C. 

Radioactive  Rat  Urine  Collection 

Rats  were  contained  in  a glass  metabolism  cage.  Urine  was 
collected  in  10  ml  of  1 . 5M  ammonium  formate  adjusted  to  pH  2 with 
33:o  formic  acid.  Generally,  urine  was  collected  at  twelve-hour 
intervals. 

Counting  of  Radioactivity 

The  solubilizer  for  the  Beckman  LS -250  scintillation  counter 
was  15  ml  of  [200  g naphthalene;  10  g PRO;  2 liters  scintillation 
dioxane].  100  ul  of  freshly  collected  saliva  or  urine  were  counted. 
0.5  ml  of  the  liquid  chromatograph  fractions  was  counted.  Counting 
efficiency  was  determined  by  spiking  a sample  with  a dpm  standard. 

Resul ts 

In  the  first  of  two  separate  long-term  labeling  experiments 

14 

using  1-  C-As,  rat  A (313  g body  weight)  was  given  50  ;:Ci  in  10  mg 
As  and  rat  B (276  g body  weight)  was  given  15  ^Ci  in  3 mg  As.  The 
dpm/100  pl  of  whole  saliva  collected  and  the  average  dpm/hour  of 
urine  excreted  are  shown  for  both  rats  on  Figure  1 and  for  Rat  A 
on  Figure  2.  Rat  A received  all  of  the  contents  of  a radioactive 
vial  plus  multiple  rinses.  Rat  B received  the  last  portion  of  a 
ratioactive  solution  in  a vial  plus  multiple  vial  rinses.  For  the 


Rat  B ^ \ 


4b  Xi  T2tJ T &J '2rftT 

h'ours  After  Label 

Figure  1 Excretion  of  in  Saliva  of  Rats 
50  ..Ci/10  mg  and  15  uCi/3  mg  1-14C 


A and  B Labeled  with 
As,  Respectively. 
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second  long-term  labeling  experiment,  the  saliva  and  urine  counts 

for  rat  A (430  g)  and  rat  C (324  g)  are  shown  in  Figures  3 and  4. 

In  this  second  experiment,  rat  A received  the  final  portion  of  the 

radioactive  solution  plus  multiple  rinses  of  the  radioactive  vial. 

Rat  C received  a measured  portion  of  the  radioactive  solution  and  no 

rinses.  The  lines  of  Figures  1-4  are  obtained  from  a least  squares 

analysis  of  the  data.  The  biological  half-life  of  each  set  of  data 

is  listed  in  Table  I. 

14 

A third  1-  C-As  labeling  experiment,  where  rat  C was  given 
14 

5 ,-Ci  in  1 mg  1-  C-As,  resulted  in  175  dpm/100  pi  of  whole  saliva. 

The  saliva  was  collected  35  minutes  to  one  hour  after  the  final  radio- 
active vial  rinse  injection. 

1 4 

A fourth  labeling  experiment  was  done  with  6-  C-As.  Rat 
D was  given  16  pCi  in  4.9  mg  As,  and  the  specific  activity  of  the 
whole  saliva  was  884  dpm/100  pi.  The  saliva  was  collected  0.83  hour 
to  1.33  hour  after  the  final  radioactive  vial  rinse  injection. 

Di scussion 

14 

1-  C-As  labeled  rats  were  found  to  give  a radioactive  peak 

in  saliva  at  about  one  hour  after  the  radioactive  injection. 

Hammarstrdm  has  studied  the  levels  of  labeled  ascorbic  acid  in  the 

salivary  glands  of  inice  as  a function  of  time  after  labeling.  A 

very  fast  accumulation  of  C in  the  submaxillary  gland  (within  5 

minutes  of  labeling)  was  observed  in  mice,  followed  by  a subsequent 
1 4 

rapid  decline  of  C in  this  gland  after  5 minutes.  The  sublingual 
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gland  slowly  increased  its  C level,  peaking  at  4 hours,  in  mice. 

No  measurement  was  done  on  the  parotid  gland,  however  ^26). 

14  14 

The  C in  saliva  of  the  1-  C-As  labeled  rats  declined 

1 4 

logarithmically  over  time,  as  did  the  urinary  C.  This  first  order 

process  in  saliva  and  urine  was  graphically  analyzed  by  the  least 

1 4 

squares  method,  and  the  biological  half-life  of  C was  calculated. 

14  14 

The  biological  half-life  of  C in  rats  labeled  with  10  mg  1-  C-As 

is  an  average  of  2.S  days  in  saliva  and  2.3  days  in  urine  (Table  I). 

The  variability  of  the  urine  excretion  data  is  large,  so  that  there 

is  no  statistical  difference  in  the  observed  salivary  biological  half- 

life  and  the  biological  half-life  in  urine.  The  biological  half-life 
1 4 

of  C in  saliva  may  be  a less  variable  measure  of  the  overall  body 

turnover  of  label  than  that  of  the  excreted  urinary  label,  which 

fluctuates  due  to  the  amount  of  urine  excreted,  time  of  day, 

duration  of  collection  time  and  loss  of  urine  during  handling. 

The  salivary  glands  of  rats,  mice  and  guinea  pigs  rapidly 

accumulate  large  amounts  of  when  given  1-^C-As  by  injection. 

14  14 

However,  saliva  is  not  a major  excretory  route  of  C in  1-  C-As 
labeled  rats.  Averaged  data  from  three  rat  experiments  where  10  mg 
of  1-^C-As  was  injected,  resulted  in  only  0.053  of  the  injected 
beinq  excreted  in  saliva  during  a 20-30  minute  saliva  collection  at 
about  one  hour  after  the  final  radioactive  injection. 

Whenever  such  a small  percentage  of  the  original  As  label 
is  being  observed,  there  is  always  the  possibility  that  the  observed 

1 ^ 

label  results  from  an  artifact  of  the  1-  C-As.  This  artifact  could 

14 

result,  for  instance,  from  the  breakdown  of  1-  C-As  even  before 
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labeling  of  the  rat  or  from  the  breakdown  and  reincorporation  of 

]4  14 

C into  the  body  pool  of  another  compound.  If  the  observed  C 

in  saliva  were  from  a body  pool  other  than  the  body  pool  of  ascorbic 

acid,  a biological  half-life  would  be  expected  that  differed  from 

the  biological  half-life  of  As  calculated  from  the  excretion  of 
1 4 

C in  urine.  Since  there  is  no  statistical  difference  between  the 

1 *»  1/j 

biological  half-life  of  C in  saliva  ana  that  for  C in  urine  of 

14  14 

I-  C-As  labeled  rats,  then  it  can  be  concluded  that  the  C observed 

in  saliva  did  not  result  from  an  artifact. 

Figure  3 evidences  the  difficulties  encountered  in  dividing 

the  contents  of  radioactive  vials.  Each  rat  should  have  received 
1 4 

10  mg  of  1-'  C-As.  However,  rat  A,  which  received  the  vial  rinses, 

1 4 

showed  a much  higher  specific  activity  of  C in  saliva  than  did  rat 

C.  Yet,  if  the  specific  activities  for  rats  A and  C (taken  from 

Figure  3)  are  averaged,  then  it  will  be  seen  that  the  average  comes 

1 4 

very  close  to  the  specific  activity  of  C in  saliva  of  rat  A in 
Figure  1,  where  rat  A had  received  the  entire  contents  of  a radio- 
active vial  and  multiple  rinses. 


Chapter  II 


INVESTIGATION  OF  SALIVA  FOR  PRESENCE  OF  As  AND  SAs 

Part  A:  Column  Chromatograp hy  of  Human 
Saliva  for  As  and  SAs 


Introduction 


Experiments  using  C in  humans  was  not  feasible  in  this 
laboratory,  but  analysis  of  human  saliva  was  desired  for  two  reasons: 
1)  to  add  to  the  knowledge  of  As  metabolism  in  humans,  2)  as  a con- 
venient source  of  large  quantities  of  saliva.  Liquid  chromatography 
was  chosen  as  a convenient  method  of  separation  because  of  its  capa- 
city to  separate  large  quantities  of  materials.  C.  S.  Smith  (20) 
reported  in  1976  that  ion-exchange  chromatography  was  successful  in 
the  separation  of  dehydroascorbic  acid  (dAs)  and  As  in  salivary 
samples.  He  reports  that  50™  of  the  As  excreted  in  saliva  is  dAs. 
Using  the  2,2' -dipyridyl  assay  (Zannoni),  Smith  reports  that  the 
total  As  level  (dAs  + As)  is  close  to  blood  levels.  Blood  levels 
of  As  in  humans  are  generally  assayed  by  the  DNPH  method  and  are 
reported  to  be  about  1 mg  (13).  Feller  et  al . (19)  reported  no 

free  As  in  saliva.  Tolbert  et  al . (7)  reported  a C-6-As  oxidation 

1 4 

process  of  about  50"  of  the  excreted  urinary  C-As  metabolites. 

These  reports  suggest  a Zannoni  assay  reactive  material  which  is  not 
free  As  and  may  be  a C-6-As  oxidation  derivative.  A candidate  for 
this  unknown  C-6  oxidized  derivative  was  saccharoascorbic  acid 
(SAs),  which  was  available  as  a standard  in  this  laboratory.  Ascorbic 


22 


acid  and  SAs  are  both  good  UV  absorbers.  Thus,  human  saliva  was 
analyzed  for  the  possible  presence  of  As  and  SAs  using  ion-exchange 
chromatograpny  with  UV  monitoring  of  the  liquid  chromatographic 
fractions  in  the  procedure  below. 

Methods 

Human  Saliva  Collection 

Paraffin  stimulated  saliva  was  collected  and,  if  not  imme- 
diately used,  refrigerated  at  0°C  until  use.  Most  saliva  was  col- 
lected from  a female  subject,  taking  2 g As  tablets/day. 

Column  Chromatography 

Whatman  DE  32,  a DEAE  cellulose  [0-(diethylaminoethyl ) cellu- 
lose (formate  form)],  was  the  column  support.  The  eluent  was  a 
buffer  gradient  starting  with  water  and  ending  in  0.5M  ammonium  for- 
mate adjusted  to  pH  3 with  88  formic  acid  (buffer  equivalent  to 
2.5M  formate).  A 200  ml  gradient  of  100  ml  water  and  100  ml  formate 

) 

buffer  was  used  to  elute  a 1 cm  I.D.  by  30-40  cm  length  (small) 
column  and  a 400  ml  gradient  of  200  ml  of  each  was  used  to  elute  a 
1.5  cm  I.D.  by  75  cm  length  (medium)  column.  In  all  of  the  column 
work,  the  2.5M  formate  buffer  was  used  as  the  strip  solution.  A 
peristaltic  pump  was  used  to  give  a small  column  flow  of  0.6-1. 3 
ml/minute.  The  UV  absorbances  of  the  column  work  were  at  254  nm. 

The  small  column  runs  were  done  at  room  temperature  The  medium 
column  runs  were  done  at  3°C. 
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TCA  Precipitation  and  Centrifugation 

Trichloroacetic  acid  (TCA)  was  added  to  a sample  until  a 
pH  of  approximately  3 was  obtained  and  precipitation  occurred. 

Usually  this  was  accomplished  by  adding  2 ml  of  50  w/v  TCA  to  5 ml 
of  saliva,  which  resulted  in  a 1.4.C  w/v  TCA  solution.  The  TCA 
precipitated  sample  was  then  centrifuged  for  about  10  minutes  at 
13,000  R ? M at  1°C  in  a Sorvall  RC2-B  refrigerated  centrifuge. 

P.esul  ts 

A DE  32  small  column  chromatograph  of  1.0  ml  human  saliva 
(from  a male  who  was  taking  no  supplemental  As)  which  had  been  TCA 
precipitated  and  centrifuged  shows  two  major  UV-absorbing  peaks 
labeled  PI  and  P II  in  Figure  5.  A small  UV  peak  labeled  PP I (pre- 
peak I)  is  also  shown.  Saliva  was  collected  from  both  male  and 
female  subjects.  The  chromatograph  of  the  saliva  from  the  male  sub- 
ject (Figure  5)  resulted  in  1.2  for  the  ratio  of  the  areas  of  P I/P  1 1 
and  in  2.5  for  that  of  saliva  from  a female  subject  taking  500  mg 
As/d ay.  Saliva  from  both  male,. and  female  subjects  resulted  in  no 
chromatographic  UV  absorption  position  difference  of  PI  and  PI  I . 

Analysis  of  human  saliva  collected  from  female  subjects  taking  2 g 
As  tablets/'day  and  subjects  taking  500  mg  As/day  showed  no  differences 
in  the  UV  absorbance  peak  area  or  positions  of  PI  and  PII  by  column 
chromatography.  10  ug  each  of  As  and  SAs  applied  to  the  column 
resulted  in  a UV  absorbance  of  0.0055  for  As  and  0.0043  for  SAs 
(see  Table  II).  In  runs  using  standards  only,  (i.e.,  no  saliva), 
the  UV  absorbance  for  an  As  standard  was  observed  at  approximately 
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the  same  fraction  as  that  for  PI,  and  the  UV  absorbance  for  an  SAs 
standard  was  observed  at  approximately  the  same  fraction  as  that 
for  PI  I . The  positions  of  As,  SAs,  As-2-S04,  SAs-2-S04,  and  As-2- 
PC'4  on  a small  column  chromatograph  are  indicated  in  Figure  6. 

A DEAE  32  (formate  form)  small  (1  x 30-40  cm)  column 
chromatograph  of  1.0  ml  of  a centrifuged  mixture  of  9.0  ml  of  saliva 
from  a human  female  taking  2 g As/day,  1 ml  water  solution  contain- 
ing 0.10  mg  As  and  0.10  mg  SAs,  and  4 ml  of  52  w/v  TCA  is  shown  in 
Figure  6.  The  eluent  was  a gradient  beginning  with  1^0  and  ending 
with  a 2.5M  formate  buffer  (pH  3.0),  which  was  the  strip  solution. 
The  1 ml  of  mixture  applied  to  the  column  (Figure  6)  contained 
0.64  ml  saliva  and  7.1  ug  each  of  As  and  SAs.  The  expected  UV 
absorbance  (calculated  from  Table  II)  of  7.1  jjg  As  is  0.0039  and  of 
7.1  jjg  As  is  C.Q031.  Since  no  new  UV-absorbing  peaks  result  from 
adding  As  and  SAs  to  saliva  and  they  would  be  clearly  visible  by 
themselves  on  this  chromatograph  (Figure  6),  then  it  must  be  con- 
cluded that  the  standards  coincide  with  PI  and  P 1 1 . 

Discussion 

This  preliminary  investigation  of  saliva  using  a UV  moni- 
tored liquid  chromatograph  indicated  that  it  was  possible  for  both 
As  and  SAs  to  be  present,  but  with  no  other  major  UV-absorbing  sub- 
stances. This  did  not  account  for  the  report  of  the  presence  of  dAs 
(20)  in  saliva,  however,  because  dAs  does  not  significantly  absorb 
at  254  nm.  Also,  no  UV-absorbing  peaks  were  observed  for  As-2-P04, 
As-2-S04,  and  SAs-2-S0.t  (Figure  6).  The  two  major  absorbing  peaks 
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in  human  saliva  were  observed  in  both  sexes,  but  not  in  the  same 
proportion.  Human  saliva  of  a female  taking  orally  2 g As/day  in 
the  form  of  tablets  did  not  show  enhanced  UV  absorotion  peak  areas 
per  ill  of  saliva  over  a female  taking  5uG  mg  supplemental  As. 

Mo  UY-absorbing  peak  positions  were  affected,  nor  were  new  UV  absorb- 
ing peaks  observed 

Part  B:  TIC  and  Pacer  Chromatography  of  Human 
Saliva  for  As  and  SAs 

Introduction 

The  possibility  of  the  presence  of  As  in  saliva  has  been 
shown  using  column  chromatography  in  the  previous  part  of  this 
chapter.  In  addition,  there  is  also  the  possibility  that  SAs  may  be 
present  in  appreciable  amounts.  Further  experiments  to  investigate 
the  possible  presence  of  As  and  SAs  were  necessary;  tnin-layer  chroma- 
tography (TLC)  and  paper  chromatography  were  cnosen  as  the  analytical 
tools,  as  outlined  below. 


Methods 


U1  tr^fi  1 tntion 

The  saliva  was  diluted  before  filtering  with  an  equal  volume 
of  either  water  or  2.5M,  pH  3.0  formate  buffer  (described  under  column 
chromatography) . The  Amicon  ultrafilter  (UF)  was  employed  with  the 
Diaflo  UM  05  filter  (retentivity  > 500  MW).  All  UF  work  was  done  in 
a cold  room  at  3°C  with  N.,  gas. 
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Thin-Layer  Chromatography 

System  I 

Solvent 

n-£utanol : Acetic  Acid:  Carbon  Tetrachloride  (70:15:15). 

Sol  1 d Support 

Sigma  Silica  Gel  H mixed  lg:2g  H2O  and  coated  1 mm  thick 
on  glass  plates.  Plates  were  air  dryed  and  then  oven-dried 
at  80°C  for  several  hours  immediately  prior  to  use. 

System  II 


Sol  vent 

n-Putanol : Acetic  Acid:  H.,0  (3:2:2). 

Solid  Support 

Polygram  Cel  300  UV 254  Pre-coated  Cellulose  plates. 
Layer:  0.1  mm  made  by  Machercy -Nagel  & Co.  - Duran. 

Paper  Chromatography 

Whatman  filter  paper  Solvent  system  was  n-Butanol: 

Acetic  Acid:  H^O  (3:2:2). 

Descending  Eluent. 

Column  Chromatography  (previously  described). 

Resul ts 


Human  saliva  was  collected  as  previously  described.  Two 


7.1  ml  samples  of  human  saliva  were  TCA  precipitated,  centrifuged, 
and  chromatographed  on  the  small  DEAE  column.  The  UV-absorbing 
fractions  previously  designated  as  PPI,  PI  and  PII  were  collected 
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and  evaporated  with  to  dryness  at  room  temperature.  The  total 
UV  absorbance  was  equivalent  to  the  absorbance  of  0.426  mg  As  for 
PI  and  0.192  mg  SAs  for  P 1 1 . All  fractions  were  reconstituted  witn 
water  and  about  80b  of  PI,  50  of  PI  I,  1001  of  PPI,  As,  SAs  and 
a mixture  of  As  and  SAs  were  applied  to  a TLC  plate.  The  TLC  was 
accomplished  using  System  I.  Quantitative  standards  of  As  ana  SAs 
had  been  done  using  System  I.  TLC  plates  were  examined  under  UV 
light  (254  nm),  sprayed  with  0.5  mM  dichloroinaophenol  (DCIP)  fol- 
lowed by  reaction  with  iodine  vapor.  The  minimum  detection  limits 
of  this  system  used  were  0.01  mg  As  (detected  by  iodine)  and  0.024 

mg  SAs  (detected  by  iodine).  A 0.5  mM  DCIP  spray  detected  a minimum 

of  0.05  mg  of  As  and  SAs.  No  As  or  SAs  was  detected  in  PI  or  PII 

on  this  TLC  plate  (Figure  7).  Both  applied  peaks  should  have  been 

visible  by  iodine  and  DCIP  spraying  if  As  or  SAs  had  been  present 
in  the  quantities  indicated  by  the  peaks'  UV  absorbances. 

PI  and  PII  fractions  were  lyophilized  to  dryness  from  a 
medium  column  run  of  800  ml  of  human  saliva  which  had  been  ultra- 
filtered  (UF)  with  an  equal  volume  of  formate  buffer.  A small 
column  run  of  some  of  this  lyophilized  PII  showed  two  UV-absorbing 
peaks.  The  lyophilized  product  PII  consisted  of  a mixture  of  fluffy 
white  material  (mp  187  t 7°C)  and  a yellow  cream  material  (mp  3 0O"C). 

A TLC  of  the  two  solid  components  of  lyophilized  PII  (Figure  8)  was 
done  on  TLC  System  II  along  with  standards  of  As,  SAs,  As-2-S0,, 
As-2-PO^,  and  2 ,3-di -0-methyl -As . The  Rf  values  of  the  standards 
and  unknowns  on  this  TLC  plate  (Figure  8)  are  measured  from  the 
leading  edge  of  each  spot.  Two  spots  were  visualized  by  iodine 


Figure  7 TLC  (System  I)  of  the  DF  3?  Co 
PPI,  PI,  and  PI  I from  Human  Sa 


Figure  3 TLC  (System  II)  of  the  DE  32  Column  PI  I 
Fractions  from  human  raliva. 


reaction  for  the  wnite  PII  solid  with  Rf's  of  0.49  and  0.97.  Tne 
yellow  PII  solid  produced  one  icdine  reactive  spot  at  an  Rf  of 
0.49.  The  As,  SAs,  As-2-S0,,  As-2-PO^,,  and  2, 3-di -0-methyl -As 
standards  had  Rf's  of  0.73,  0.66,  0.49,  0.50,  and  1.0,  respectively. 
As-2-PO*  and  As-2-S0^  have  about  the  same  Rf  as  one  of  the  spots 
present  in  both  PII  solids,  but  the  PII  fractions  are  not  close  to 
the  fractions  where  these  standards  elute  on  the  DE  32  column 
(Figure  6).  The  PII  spot  with  an  Rf  of  0.97  is  close  to  that  for 
2, 3-di -0-methyl -As . Paper  chromatography  of  each  of  these  PII  solid 
components  (Figure  9)  shows  Rf's  (measured  from  the  leading  edge  of 
each  spot}  for  PII  solids  differing  from  As  and  each  other  but  close 
to  the  expected  Rf  of  SAs  in  this  paper  chromatography  system. 


Discussion 


The  preliminary  analysis  of  human  saliva  using  ion-exchange 
chromatography  monitored  by  UV  absorption  at  254  nm  indicated  the 
possible  presence  of  As  and  SAs.  UV  absorbances,  marked  PI  and  PII 
on  the  UV  recording  of  the  column  run,  coincided  with  the  UV  absorb- 
ances of  the  added  As  and  SAs  standards,  respectively. 

Examination  of  PI  and  PII  of  human  saliva  by  TLC  and  paper 
chromatography  did  not  show  the  presence  of  As  or  SAs,  although 
there  was  some  material  present  with  Rf's  close  to  the  expected  Rf 
of  SAs  in  the  paper  chromatograph.  Also,  tnere  was  no  evidence  of 
the  presence  of  SAs-2-S0^  in  PII  using  TLC  and  no  evidence  of 
As-2-S0^,  As-2-P0^  and  SAs-2-SO^,  in  PI  or  PII  using  column  chromato- 
graphy. There  was  some  substance  present  in  PII  that  had  a similar 
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Rf  to  2, 3-di -0-methyl -As  in  System  II  of  the  TIC  and  in  the  paper 
chromatograph. 

Part  C:  Co-Chromatonraphy  of  As  and  SAs  with  Saliva 
from  l-i^C-As  Labeled  Rats 

Introduction 

In  Part  B of  this  chapter,  it  was  reported  that  no  evidence 
of  As  in  human  saliva  was  obtained  from  TLC  and  paper  chromatograpny . 
A column  chromatographic  confirmation  of  the  absence  of  As  in  rat 
saliva  was  also  desired.  The  close  Rf 1 s of  P 1 1 solids  with  SAs  in 
the  paper  chromatography  data  required  further  investigation  of  the 
absence  or  presence  of  SAs.  In  the  following  experiments,  a radio- 
active label  was  employed  for  the  detection  of  As  metabolites  in  the 
liquid  chromatography  fractions,  since  there  had  been  interference 
between  the  UV-absorbing  peaks  of  compounds  in  saliva  and  UV-abscrb- 
ing  peaks  of  standards. 

Methods 


Column  Chromatography  (previously  described). 

Results 

0.240  ml  of  radioactive  rat  saliva  was  spiked  with  0.60  mg 
SAs,  TCA  precipitated,  centrifuged,  and  applied  to  the  small  column 
(Figure  10).  The  major  radioactive  peak  appeared  at  fraction  14  in 
this  run,  while  the  UV  absorbance  for  SAs  clearly  peaked  early  in 
fraction  13.  There  was  a small  overlap  in  UV  absorbance  attributed 
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to  the  SAs  spike  and  the  major  radioactive  peak.  If  the  sum  of  the 
counts  of  fractions  14  and  15  are  assigned  a value  of  100'£,  then  no 
other  radioactive  peaks  shown  are  greater  than  ]0%  of  this  major 
peak.  Also,  this  major  peak  constitutes  greater  than  5Cf..  of  the 
combined  radioactivity  of  all  fractions.  Figure  10  shows  some  amount 
of  U V absorbance  corresponding  to  the  major  radioactive  peak.  UV- 
absorbing  PI  also  had  a trace  amount  of  radioactivity  associated 
with  it  in  this  column  chromatograph. 

0.400  ml  of  radioactive  rat  saliva  was  spiked  with  0.050  mg 
As,  TCA  precipitated,  centrifuged,  and  applied  to  the  small  column 
(Figure  11).  Particular  attention  was  paid  to  radioactivity  balance 
in  this  column  chromatography  run,  and  no  loss  to  the  column  support 
was  observed.  In  this  run,  an  air  bubble  obscured  the  detection  of 
UV  absorbance  at  fraction  7,  where  a trace  of  radioactivity  was 
observed.  .Nevertheless,  this  run  clearly  showed  no  radioactivity 
associated  with  the  UV  absorbance  as  the  As  spike.  It  was  also  noted 
that  the  UV  absorbance  of  PII  corresponds  to  the  major  radioactive 
peak  in  this  column  chromatograph. 

Discussion 

1 4 

Column  work  done  with  saliva  from  1-  C-As  labeled  rats  I 

confirmed  both  the  results  reported  by  Feller  et  al . (19)  and  the 
nonradioactive  TLC  and  paper  chromatography  results  described  pre- 
viously, by  showing  that  no  detectable  amount  of  ascorbic  acid  is 
present  in  saliva  (Figure  11).  Also,  column  chromotagraphy  of 
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radioactive  saliva  spiked  with  SAs  confirmed  that  the  major  metabo- 
lite was  not  SAs  (Figure  10).  Furthermore,  only  one  major  1 - ^C-As 
metabolite  was  shown  to  be  present  in  radioactive  rat  saliva  using 
column  chromatography,  and  this  metabolite  appears  to  be  a fairly 
strong  acid. 


Chapter  III 


INVESTIGATION  OF  THE  1-KC-As  METABOLITE  FOR  UV  ABSORBANCE 

1 A 

Part  A:  UV  Absorption  of  1-  C-As  Met  it oj  ; te  from  Rat: 

Acid  Pretr-eatment  Followec  bv  _ o 1 l.  ■ n a_ : -oma  tor  rap  ny 

Introduction 

Ascorbic  acid  and  As  derivatives  witn  an  intact  enediol- 
lactone  ring  are  all  excellent  UV  absorbers  having  nolar  extinction 

/I 

coefficients  on  the  order  of  10  . Monitoring  liquid  chromatography 
by  UV  absorption  is  desirable  becajse  of  its  convenience.  The  intact 
enediol -1 actone  ring  is  the  chemical  structure  responsible  for  the  re- 
activity of  As  and  SAs  in  the  2,2' -dipyridyl  and  DCIP  tests  and  leads 
to  the  QNPH  color  reaction.  This  is  also  the  structure  that  makes  As 
and  SAs  good  UV  absorbers.  All  of  these  facts  lead  to  the  assumption 
that  the  observed  column  UV  absorbances  of  saliva  coincident  with  the 

14 

1-  C-As  metabolite  were  due  to  the  metabolite's  UV  absorption.  Signi- 
ficantly, a few  column  UV  analyses  did  not  coincide  perfectly  with  the 
radioactivity  and  are  described  in  the  following  results. 

Methods 

Column  Chromatography  (previously  described). 

Resul ts 

Three  small  column  runs  showed  close,  but  imperfect  coin- 
cidence of  the  major  radioactive  peak  with  UV-absorbinc  PII.  One 


typical  example  of  this  is  shown  in  Figure  12.  Figure  12  shows  the 
major  radioactive  peak  maximizing  at  fraction  16  and  the  UV  absorb- 
ance of  P 1 1 maximizing  at  the  beginning  of  fraction  17.  All  three 
of  these  column  runs  had  the  same  saliva  pre-column  treatment,  that 
is,  the  addition  of  TCA  to  precipitate  proteins  and  centrifugation. 

Discussion 

Throughout  most  of  the  column  work,  the  major  radioactive 
peak  appeared  to  be  closely  associated  with  some  major  UV  absorbance 
(Figure  12).  Further  column  work  made  the  coincidence  of  UV  absorb- 
ance with  the  radioactivity  suspect.  The  accuracy  achieved  in  cor- 
relating the  fractions  collected  with  the  UV  absoroance  recorded  does 
not  permit  attributing  non-coincidence  to  measurement  errors. 

1 4 

Par t B:  UV  Absorption  of  1-  C-As  Metabolit e from  Rat: 

Neutral  n.H  Pretreatment  Followed  by  Column  Chromatography 

Introduction 

Errors  in  the  marking  of  column  fractions  on  the  UV  recorder 
chart  paper  could  not  account  for  the  separation  of  the  UV -absorbing 
peak  and  the  radioactive  peak  by  a whole  fraction.  However,  the 
separation  of  peaks  was  small,  and  a greater  separation  was  desired. 
Better  separation  of  the  UV-absorbing  peaks  may  be  obtained  by  using 
a larger  column  eluted  with  a greater  total  volume  of  gradient  and  by 
using  a different  pretreatment  of  the  saliva.  The  results  of  these 
modified  column  chromatography  procedures  are  given  below. 
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Methods 

Column  Cnromatograph  (previously  described). 

Ultrafil tration  (previously  described). 

Results 

The  results  of  a medium  column  run  of  3.2  ml  of  radioactive 
rat  saliva  and  800  ml  human  saliva  which  had  been  ul trafi 1 tered  in 
formate  buffer  and  lyophilized  then  combined  and  applied  to  the  column 
is  shown  in  Figure  13.  Standards  of  As  and  SAs  previously  chromato- 
graphed on  the  medium  column  had  appeared  at  fractions  60  and  90, 
respectively,  by  monitoring  UV  absorption.  Fractions  75-84  encom- 
passed the  major  radioactive  peak  which  did  not  coincide  with  the 
UV-absorbing  PI I.  Similarly,  the  maximum  UV  absorbance  of  PI  corres- 
ponds to  only  a trace  of  radioactivity.  A different  radioactivity 
distribution  is  observed  on  this  run,  the  major  peak  containing  only 
twice  as  many  counts  for  the  fractions  75-84  as  for  the  fractions 
36-40  and  130-133.  This  change  in  distribution  may  be  due  to  break- 
down of  the  labeled  compound.  The  medium  column  run  took  about  24 
hours  from  the  start  of  the  400  ml  gradient  to  the  end  of  the  gradient 
(beginning  of  the  strip),  whereas  the  peristaltic  pump  application  of 
the  200ml  gradient  to  the  small  column  took  only  about  three  hours. 

In  view  of  the  observed  distribution  change  from  small  to  medium 
columns,  the  longer  time  evidently  allowed  some  breakdown  of  labeled 
compounds,  though  the  medium  column  was  refrigerated. 


Pre-column  treatment  of  saliva  by  diluting  v/ith  water  and 
ul trafi 1 tering  resulted  in  complete  separation  of  the  radioactive 
peak  and  the  UV-abscrbing  peaks  (Figure  14).  In  this  small  column 
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run,  a mechanical  failure  resulted  in  fraction  20  not  being  collected. 
However,  the  counts  contained  in  the  fraction  were  estimated  by  sub- 
tracting the  total  radioactivity  eluted  from  the  amount  applied,  a 
reasonable  calculation  since  no  loss  of  radioactivity  to  the  column 
support  had  been  observed  in  previous  column  chromatography  using  the 
small  column.  This  estimate  is  indicated  in  Figure  14.  The  estimated 
peak  absorbances  for  different  amounts  of  As  applied,  based  on  the 
actual  peak  maximum  absorbance  of  As  when  run  on  the  small  column, 
are  shown  in  Table  II.  If  reported  values  of  about  1 eg  As/ml  saliva 
as  determined  by  the  ON PH  assay  are  used  as  a basis  of  estimation, 
then  0.6  ug  As  should  have  been  present  in  this  run  (Figure  14).  This 
amount  of  As  would  not  be  measurable  by  UV  absorption  if  it  were 
applied  to  the  small  column  (Table  II). 

Discussion 


A change  of  pre-column  treatment  from  acidic  conditions  to 
a water  dilution  with  subsequent  ultrafiltration  eliminated  the  coin- 
cidence of  observed  UV  absorption  with  the  major  radioactive  peak 
(Figure  14)  of  a column  chromatograph  of  radioactive  rat  saliva. 

The  nature  of  the  UV-absorbi ng  weak  acid  components  of  saliva 
is  not  known.  Preliminary  UV  absorption  measurements  of  PII  fractions 
show  a \m  of  240  nm  at  pH  3 from  one  column  run  of  human  saliva  and 
241.5  nm  at  pH  3 from  one  column  run  of  rat  saliva.  800  ml  of  saliva 
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which  had  been  ul trafi 1 terea  with  formate  buffer  were  chromatographed, 

and  UV-absorbing  PI  and  PII  each  had  a 's  of  about  243  nra  and  281  nm. 

The  absorbance  at  281  nm  may  be  a derivative  of  tryptophan  or  tyrosine. 

Mass  spectra  of  lyophilized  material  from  UV-absorbing  PII  showed  only 

low  molecular  weight  fragments. 

1 4 

The  elution  of  the  1-  C-As  metabolite  of  rat  saliva  using 
ion-exchange  chromatography  is  character! Stic  of  a fairly  strong  acid, 
possibly  an  “-hydroxycarboxyl ic  acid.  The  fact  that  the  compound 
elutes  after  ascorbic  acid  using  a column  gradient  eluent  from  water 
to  acid  indicates  that  it  is  a stronger  acid  than  As.  Side  chain 
oxidation  or  degradation  of  As  is  capable  of  producing  this  change. 


Chapter  IV 

INTERFERENCE  IN  ASCORBIC  ACID  ASSAYS 

Part  A:  Possible  Ascorbic  Acid  Metabolite  Interference 
in  Ascorb  c Acid  Assays 

Introduction 

The  most  common  procedures  for  determining  ascorbic  aci-a 
(As)  in  biological  tissues  are  based  on  the  presence  of  an  intact 
enediol -lactone  ring  of  As.  Results  from  such  experimental  proce- 
dures on  biological  samples  are  usually  reported  as  As.  However, 
compounds  such  as  derivatives  of  As  with  the  enediol -1 actone  ring 
intact  or  derivatives  of  As  with  acid  labile  substituents  may  be 
able  to  interfere  with  these  As  assay  methods. 

The  dini trophenyl hydrazine  (DNPH)  assay  of  ascorbic  acid  is 
a standard  method  used  to  measure  As  concentrations  in  biological 
tissues.  Three  DNPH  methods  commonly  employed  are  the  Schaffert- 
Kingsley  (27),  Rce-Kuether  (28),  and  Bessey-Lowry  (29)  procedures, 
which  differ  essentially  only  in  the  time  and  temperature  of  the 
osazone  color  development.  Roe  (3)  has  already  emphasized  avoidance 
of  high  temperatures  during  the  coupling  reaction.  Baker  et  al.  (6), 
using  the  modified  DNPH  procedure  of  Roe-Kuether,  have  reported  that 
one  known  metabolite,  As-2-S0,,  can  give  the  same  color  reaction  as 
ascorbic  acid.  When  the  As-2-S0^/DNPH  assay  mixture  was  heated  for 
15  minutes  at  boiling  water  temperature  (95°C  in  Denver),  it  reacted 
equally  as  well  as  As.  As-2-S0,,  assayed  at  GO’C  for  one  iiour  using 
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this  DNPH  method,  resulted  in  50%  of  the  As-2-S0,  being  converted  to 
the  colored  osazone,  as  compared  witn  100b  of  the  As  converted  under 
these  same  conditions.  At  37°C  for  one  hour,  no  DNPH  color  develop- 
ment was  observed  for  As-2-S0,.  Interference  oy  As-2-S0,  is  parti- 

4 4 

cularly  important  in  urine,  where  As-2-SO,  excretion  has  been 

4 

demonstrated  (30). 

Preliminary  results  have  been  reported  recently  that  approx- 
imately 45.0  of  the  urinary  As  metabolites  in  rats  and  monkeys  have 
undergone  side  chain  oxidation  at  the  C-6  position,  presumably  leav- 
ing the  enediol-lactone  ring  intact  (7,  31,  32).  L-threo-saccharo- 
ascorbic  acid  (SAs)  is  a 6-carbon  oxidation  derivative  of  As  with  an 
intact  enediol  ring.  SAs  is  one  possibility  for  a side  chain  oxida- 
tion metabolite  of  As  with  an  intact  enediol-lactone  ring.  SAs  was 
tested  for  interference  in  the  following  three  As  assay  methods: 

2,2' -dipyridyl ; 2 ,4-dini trophenyl hydrazi ne  (DNPH);  and  2,6-dichlo- 
roinoophenol  ( DC  IP). 

L-threo-Hex-2-enaro-l ,4-1 actonef IUPACl  or,  commonly,  L-threo- 
saccharoascorbic  acid  (SAs)  was  tested  using  the  three  As  assay 
methods  below.  The  SAs  was  prepared  by  air  oxidation  of  the  C-6 

L-threo-saccharoascorbic  acid 


L 


carbon  of  L-ascorbate-2-sul fate,  using  a Pt/C  catalyst.  The  SAs-2- 
sulfate  formed  was  then  deblocked  by  acid  hydrolysis  and  recrystallized 


to  greater  than  99  purity.  Details  of 
published  (8). 

Methods 

2,2' -Dinyr; dyl  Assay 

The  2,2' -dipyri  iyl  colorimetric  test  followed  the  procedure 

of  Zannoni  , at  a'.  (A).  The  enediol  ring  of  As  reduces  to 

II  II 

t-e  . The  Fe  is  complexed  with  2,2'  -dipyndyl  to  produce  a red 
color  which  is  measured  at  525  nin  with  a spectrophotometer;  the  color 
development  is  linear  with  the  amount  of  As. 

DNPH  Assav 

The  2,4-dinitrcphenyihydrazine  (DNPH)  colorimetric  As  assay 
used  was  the  Schaffert-Kingsley  procedure  (27),  modified  by  Baker 
(33).  Trichloroacetic  acid  is  added  tc  the  sample;  the  sample  should 
be  centrifuged,  if  a precipitate  is  observed.  The  modification  is 
substitution  of  cupric  ion  in  place  of  charcoal  (Norit)  as  the  oxidiz- 
ing agent  of  As.  One  milliliter  of  DTC  mixture  [10.0  ml  (2  gm  DNPH 
in  100  ml  9N  H9S0, ),  1.0  ml  (0.32:5  CuSO,),  and  1.0  ml  (1.05  thiourea)] 
is  added  to  each  milliliter  of  sample.  The  substitution  of  DTC  for 
Norit  eliminates  the  filtration  step  and,  in  some  cases,  a centrifuga- 
tion step  necessary  for  the  removal  of  the  Norit.  DNPH  couples  with 
dehydroascorbi c acid  to  form  a red-colored  osazone.  The  color  is  read 
at  515  nm  with  a spectrophotometer . The  development  of  the  red  color 
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ris  procedure  nave  been 


of  the  osazone  is  directly  proportional  to  the  amount  of  As  reacted. 
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DCIP  Ti tret  ion 

The  2,6-dichloroindophenol  (DCIP)  As  assay  method  used  was 
a titration  procedure.  A 0.477  mM  DCIP  aqueous  solution  was  used  to 
titrate  both  As  and  SAs.  Each  sample  aliquot  was  buffered  at  pH  7 
with  a monobasic  potassium  phosphate-sodium  hydroxide  buffer  so  that 
a blue  endpoint  could  be  visualized.  Ascorbic  acid  reduces  DCIP  on 
an  equimolar  basis. 

Results 

The  2,2' -dipyridyl  experimental  procedure  assayed  SAs  on  an 
equimolar  basis  with  As,  as  reported  in  Table  III.  The  DNPH  test 
assayed  SAs  on  an  equimolar  basis  when  color  development  took  place 
at  553  for  1 hour,  as  shown  in  Table  IV.  When  the  DNPH  assay  was  rur. 
at  37°  for  1 hour,  the  absorbance  vs.  moles  reacted  curve  was  not 
linear;  the  ratio  of  the  absorbances  for  equimolar  amounts  of  SAs/As 
was  1.34.  When  the  DNPH  assay  was  run  at  37°  for  3 hours,  this  ratio 
was  close  to  one.  Thus,  the  SAs  appears  to  react  more  rapidly  with 
DNPH  than  does  As.  The  DCIP  titration  procedure  assayed  SAs  on  an 
equimolar  basis  with  Ao,  as  shown  in  Table  V.  The  molar  extinction 
coefficient  and  X of  SAs  was  measured  in  a monobasic  potassium 
phosphate-sodium  hydroxide  buffer  at  pH  7.0  and  found  to  be  1.40  x 

4 

10  and  267  nrn,  respect? vely. 

Di  scu  S3  i on 

The  data  reported  in  this  paper  show  that  SAs,  a possible 
metabolite  of  As,  can  interfere  in  the  As  assays  used  in  this  study 
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TABLE  III 


2,2’ -Dipyridyl  Assay  of  As  and  SAs 

Absorbances  at  525  nm  are  recorded  of  duplicate  runs  I and  II  for 
the  molar  amount  shown  of  As  and  SAs.  Absorbances  of  the  blanks 
have  been  averaged  (0.0C8)  and  subtracted. 


Sample  Amount 
nmoles 

As  (Ac 

T 

soroance  : 

II 

SAs 

I 

(Absorbance) 

II 

7.10 

0.027 

0.019 

0.029 

0.021 

14.2 

0. 046 

0.038 

0.040 

0.G32 

28.4 

0.083 

0.075 

0.033 

0.075 

42.6 

0.118 

0.110 

0.107 

0.099 

56.3 

0.150 

0.142 

0.155 

0.147 

TABLE  IV 


2 ,4-Di ni trophenyl hybrazi ne  Assay  of  As  and  SAs 

Absorbances  at  515  nm  are  recorded  of  duplicate  runs  I and  II  for  the 
molar  amounts  shown  of  As  and  SAs.  Color  was  developed  at  56°  for  1 
hour.  Absorbances  of  the  blanks  have  been  averaged  (0.010)  and  sub- 
tracted. 


Sample  Amount 
x 10'^  moles 

As  (/ 

I 

\bsorbance) 

II 

SAs 

I 

(Absorbance) 

II 

5.68 

0.193 

0.189 

0.184 

0.186 

11.4 

0.377 

0.364 

0.353 

0.367 

17.1 

0.507 

0.516 

0.520 

0.529 

22.8 

0.674 

0.661 

0.669 

0.633 

23.5 

0.838 

0.834 

0.864 

0.843 
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on  an  equimolar  basis.  This  result  confirms  the  expectation  that 
side  chain  oxidation  derivatives  of  As  with  an  intact  enediol-lactone 
ring  interfere  with  these  As  assay  methods.  Derivatives  of  As  in 
which  the  enediol-lactone  rang  is  unsubstituted  snould  respond  tc 
all  three  procedures.  If  the  rin  is  substituted,  the  response  would 
depend  on  the  1 bility  of  the  derivative.  Therefore,  As -2-sui fate 
cannot  be  assayed  by  the  DC I P or  the  2,2  -dipyridyl  procedures,  cut 
can  be  assayed  by  the  DNPfi  procedure  if  done  at  elevated  temperatures 
(6).  As-2-phosphate  is  more  readily  nydrolyzed  than  As-2-sul fete  and 
should  cause  more  interference. 

Since  side  chain  oxidation  products  of  As  have  been  reported 
to  be  a significant  portion  of  As  metabolites  from  at  least  one  biolo- 
gical source,  then  it  is  possible  that  a number  of  analytical  results 
of  As  assays  on  blood,  urine  and  tissue  have  significant  errors  fi  m 
metabolite  interference. 

Part  B:  DNPH  Reactive  '-'a  tori  a!  of__^uman  Sal  i va 
Introduction 

Odumosu  and  Wilson  (16)  reported  that  centrifuged  human 
saliva  had  one  sixth  tlie  DUPH  reactive  material  of  uncentri- 
fugcd  human  saliva.  Acidification  of  the  saliva  with  TCA  and 
filtration  to  remove  the  Nor i t alto  removes  some  DUPH  reactive 
material.  Neither  centrifugation  nor  filtration  should  remove  free 
As  or  a small  metabolite  of  As. 


DNPH  assays  of  human  blood,  urine,  and  saliva  revealed 


no  correlation  of  the  levels  of  DilPH  reactive  material  in  human 

saliva  with  any  of  the  other  two  tissues  (13,  17).  Perhaps  the 

sought-for  correlation  of  the  DiiPH  reactive  material  in  saliva  with 

that  in  other  tissues  does  not  exist.  In  this  section,  data  are 

presented  showing  that  the  D’iPH  assay  is  not  measuring  As  or  the 
14 

major  1-  C-As  metabolite  in  saliva,  but,  instead,  is  measuring  inter- 
fering substances. 

Methods 

D.1PH  Assay  (previously  describee). 

Ul trafi 1 tration  (previously  described). 

Column  Chromatography  (previously  described). 


P.esul  ts 


4658  dpm/100  pi  was  the  average  value  for  rat  saliva  collected 

approximately  one  hour  after  the  radioactive  injection  (Figure  3), 

1 4 

where  50  , C i / 1 0 mg  1-  C-As  was  administered  to  each  rat.  The  dpm/'ml 

for  this  value  is  46580  dpia/in!  of  rat  saliva.  The  moles  of  1-  C-As 

metabolites  per  ml  of  rat  saliva  may  be  calculated  by  assuming  that: 

1)  the  tissue  level  of  As  in  the  rat  is  comparable  to 
that  in  man  and  that  the  rut's  body  pool  can  be 
estimated  as  follows: 

2_  x 10  mg  As  (human  body  pool ) 

70  x 10^  g human 


x 350  g rat  = 10  ,..g  As  (rat 
body  pool); 
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2)  the  1-  C-As  has  equilibrated  with  the  As  in  the  body 
pool;  and 

3)  the  molar  specific  activity  of  the  radioactivity  is 
not  different  for  As  and  its  salivary  metabolites. 

The  number  of  moles  of  As  metabolite  per  milliliter  of  rat 

saliva  is: 

. 10  mg  As  injected  + 10  mg  As  (rat 

4.651  > Ur  dpn  1 ..c_i body  pool) 

1 rat  saliva  A 0 „ ' uO  ,ci  total  injectec 

2.2  x 10  dpm 

x = 4.3  x 10'"  moles  As  metabol ites/nl  rat  saliva 

0.175  x 10°  mg  As 

If  equal  color  development  from  DNPH  reactions  with  As  and 

with  As  metabolites  represents  equal  moles  of  those  substances  present. 

then  for  each  ml  of  whole  (uncentrifuged)  rat  saliva,  there  is  about 
-3 

4.5  x 10  moles  of  As  metabolites  (Table  VI).  Approximately  4 x 10’1’ 
moles  of  As  metabol ites/ml  also  applies  to  the  equivalent  As  molar 


levels  in  uncentrifuged  human  saliva  as  measured  by  DNPH  assay.  TCA 

preci [)i tated-centri fuged  rat  saliva  yielded  about  2/5  as  much  DhPH 

reactive  material  as  uncentrifuged  material,  and  an  even  larger  drop 

in  DHPH  reactive  material  was  observed  for  TCA  precipi tated-centri fuged 

human  saliva  (Table  VI).  It  must  be  noted  that  40-451  of  the  radio- 
1 4 

activity  of  1-  C-As  labeled  rat  saliva  was  also  lost  upon  precipita- 
tion with  TCA  and  centrifugation  or  ultrafiltration  with  an  equal 
volume  of  2.5M  formate  buffer  (pH  3).  By  contrast,  ultrafiltration 
with  an  equal  volume  of  water  yielded  no  significant  loss  of  radio- 
activity in  rat  saliva,  yet  the  DHPH  material  of  water-diluted,  ultra- 
filtered  human  saliva  dropped  to  much  less  than  the  equivalent  of 
0.1  jin  As/nl  (6  x 10'^  mole  As/ml)  level. 


I 
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Figure  15  shows  a small  (1  x 30-40  cm)  column  run  of  30  ml 

1 r 

of  human  saliva  and  3.3  ml  of  saliva  from  a rat  labeled  with  1-  C-As. 
The  saliva  was  ultrafil tered  with  an  equal  amount  of  water  at  3'C  and 
lyophilized  to  dryness.  The  1 yoph i 1 i zed  saliva  was  reconstituted  in 
double-distilled  water  and  applied  to  the  column.  UV  absorbance  at 
254  nn  was  measured.  Radioactivity  was  determined  by  counting  0.5  ml 
of  each  12  ml  fraction.  The  remaining  fractions  were  lyophilized  to 
dryness  before  a DNPH  assay  was  run  on  the  remaining  portion  of  each 
fraction.  The  DNPH  reactive  levels  obtained  were  adjusted  to  include 
the  missing  0.5  nil  aliquots  used  for  counting  the  radioactivity.  As 
previously  mentioned,  all  controls  (10  ml  aliquots)  for  the  DNPH  reac- 
tion showed  that  much  less  than  0.1  ug  As/mi  (6  x 10’^  mole  As/inl  ) 
DilPH  reactive  material  was  present  after  the  human  saliva  was  ultra- 
filtered  in  water.  Of  the  three  human  saliva  controls,  two  controls 
were  lyophilized  before  the  DNPH  assay  was  started,  and  one  was  con- 
centrated to  approximately  2.5  ml  by  evaporation  with  N„  and  assayed. 

L 

No  further  tests  were  carried  out  on  the  material  coming  off  the 
column  which  was  DNPH.  reactive,  so  the  identity  of  this  material  is 
not  known.  It  is  known,  however,  that  this  material  is  not  from  con- 
taminated column  material,  because  two  of  the  control  chromatographs 
and  the  Figure  15  chromatograph  were  accomplished  using  fresh  column 
material;  all  of  these  showed  easily  detectable  levels  of  DNPH  reac- 
tive material  in  the  fractions  collected,  when  essentially  no  DNPH 
reactive  material  was  applied. 
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Di scussion 

TCA  precipitation  and  centrifugation  or  ultrafiltration  in 
formate  buffer  resulted  in  a 40-45"  loss  of  the  radioactivity  of 
saliva.  Oil  PH  reacted  aliquots  of  human  saliva  which  were  TCA  pre- 
cipitated and  centrifuged  were  two  fifths  as  DNPH  reactive  as  the 
saliva  which  was  TCA  precipitated  but  not  centrifuged.  The  noncon- 
currance  of  DNPH  reactivity  losses  with  radioactivity  losses  succes  A 
that  the  DNPH  assay  was  not  measuring  the  radioactive  metabolites. 

This  was  confirmed  when  the  DNPH  reactive  material  of  10  ml  of  human 
saliva  (after  ultrafiltration  with  water)  was  equivalent  to  much  less 

_ 1 n 

than  0.1  ug  As/ml  (6  x 10  mole  As/ml)  whole  saliva.  By  contrast, 
no  significant  radioactivity  of  the  rat  saliva  was  lest  in  the  same 
UF/water  step.  A mixture  of  human  saliva  and  radioactive  rat  saliva 
was  ul trafi 1 tered  in  water.  The  ul trafi 1 tered  mixture  was  applied  to 
the  small  DEAE  column.  The  DNPH  test  was  carried  out  on  the  fractions 
from  this  column  run,  and  some  DNPH  reactive  material  was  observed  for 
the  UV-absorbing  fractions.  However,  no  DNPH  reactive  material  was 
observed  in  the  major  radioactive  peak  (Figure  15).  This  appearance 
of  DNPH  reactive  material  was  not  due  to  column  contamination,  because 
fresh  column  material  was  used  for  the  chromatography  in  Figure  15  and 
in  two  other  separate  control  runs. 

Since  the  ultrafiltration  membrane's  retentivity  is  greater 
than  5C0  MW,  then  the  As  metabolite  must  be  less  than  500  MW.  Based 
on  the  column  chromatography  results,  the  As  metabolite  appears  to  be 
a fairly  strong  acid.  It  is  apparently  not  DNPH  reactive.  The  3.3  ml 


of  radioactive  rat  saliva  applied  to  the  column  rur,  (Figure  15), 


alone,  should  have  given  a detectable  level  of  DNPH  reactive  material 
if  all  of  the  DNPH  reactive  material  were  concentrateu  in  the  frac- 
tions of  the  major  radioactive  peak  (fractions  7 and  8);  however, 
no  DNPH  reactive  material  was  observed  for  the  major  radioactive  peak. 

The  observation  of  Odumosu  and  Wilson  (16)  th't  TCA  precipi- 
tated-centri fuced  human  saliva  had  a fraction  of  the  DNPH  reactive 
material  of  whole  human  saliva  was  confirmed,  as  shown  in  Table  VI. 
Similarly  treated  radioactive  rat  saliva  resulted  in  tne  loss  of  only 
40-458  of  the  radioactivity.  Further  analysis  using  a water  dilution 
of  human  saliva  which  was  ul trafi 1 tered  resulted  in  essentially  com- 
plete loss  of  DNPH  reactive  material,  whereas  ultrafiltration  of 
water-diluted  radioactive  rat  saliva  resulted  in  no  significant  loss 
of  radioactivity.  The  ultrafilter  membrane  having  a retentivity  of 
greater  than  500  MW  should  not  have  removed  any  free  ascorbic  acid 
nor  any  of  its  known  metabolites.  Therefore,  there  is  no  justifica- 
tion for  reporting  DNPH  reactive  material  in  saliva  as  ascorbic  acid 
or  as  a metabolite  of  As.  Seme  candidates  for  the  DNPH  reactive 
material  of  whole  saliva  are  carbohydrates  resulting  from  hydrolysis 
of  the  polysaccharide  portion  cf  mucin.  Hydrolysis  of  the  polysac- 
charide is  likely,  because  of  the  strong  acid  conditions  of  the  DNPH 
analysis.  The  losses  of  DNPH  reactive  material  observed  in  acidified 
saliva  could  be  due  to  the  partial  TCA  precipitation  of  the  glyco- 


L  , 


protein-mucin  and  its  removal  by  centrifugation  or  filtration. 


Chapter  V 


CALCULATIONS 

Part  A:  Calculation  o f the  Ex r ceted  'JV  Ab sorbence 
for  the  i-T4C-As  "etabclite 

Introduction 

14 

Previous  experiments  show  that  the  major  1-  C-As  metabolite 
in  saliva  does  not  coincide  with  any  significant  amount  of  UV  aoscrb- 
ance  using  a DEAE  cellulose  column  chromatograph.  The  presence  or 
absence  of  UV  absorption  of  the  metabolite  is  of  interest.  If  an 
intact  enediol -1 actone  ring  is  present,  it  should  have  a molar  extinc- 
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tion  coefficient  around  10  and  a A.  at  240-260  nm.  It  is  possible 
to  calculate  an  expectec  UV  absorbance  of  an  As  metabolite  in  saliva 
with  an  intact  enediol -lactone  structure  by  using  radioactivity  levels 
of  the  ascorbate  metabolite;  this  calculation  is  done  below. 

Calculation 

An  estimate  can  be  made  of  the  expected  UV  absorption  of  the 
1 4 

1-  C-As  salivary  metabolite  by  making  a number  of  assumptions: 

1)  that  the  metabolite  is  UV-absorbing , and  that  its 
molar  extinction  coefficient  is  on  the  same  order 
as  that  for  ascorbic  acid  (about  10^); 

2)  that  tissue  levels  of  As  in  the  rat  are  comparable 
to  that  in  man,  and  that  the  rat's  body  pool  can  be 
estimated  as  follows: 

3 

2 x 10  mg  As  (human  bodv  pool)  oc_  . , _ . . , , 

— r — — K l x 35Q  g rat  = ]q  mq  /\s  rat  body 

70  x 10  ’ g human  pool ; 
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x 14 

3)  that  man  makes  the  1-  C-As  metabolite  found  in 

rat  sal iva; 

4)  that  the  amount  of  metabolite/m]  rat  saliva  appear- 
ing in  the  major  radioactive  column  peak  is  equal 
to  the  amount  of  metabolite/ml  human  saliva  that 
would  be  present  in  co:  responding  column  fractions; 

5)  that  a reasonable  estimate  of  the  amount  of  metabo- 
lite present  can  be  obtained  by  using  the  maximal 
peak  absorbance  of  an  As  standard  as  directly  pro- 
portional to  the  amount  of  As  applied  when  the  same 
column  is  used  (Table  II), 

6)  that  the  molar  specific  radioactivities  for  As  and 
its  metabolite  do  not  differ; 

7)  that  the  l-^C-As  is  equilibrated  with  the  As  body 
pool ; and 

8)  that  the  column  chromatographic  peak  shape  of  the 
1-^C-As  metabolite  is  comparable  to  that  for  As. 

With  these  assumptions,  the  following  calculation  may  be 
ade  for  the  column  chromatograph  of  Figure  15: 


1 mole  As 


0.176  x 10°  mg  As 


7585  dpm  (fractions  7+8) 
3.3  ml  of  rat  saliva 
appl ied 


10  mg  As  rat  body 
pool  +10.0  mg  As 

injected 

50  pC i 

total  injected 


JLrCi 


2.2  x 10  dpm 


_9 

= 2.4  x 10  moles  As  metabolite/ml  whole  saliva 


Assumption  (5)  allows  peak  heights  and  not  peak  areas  to  be 

used  as  an  estimate  of  the  absorbance  one  might  expect  for  the 

1 4 

column  chromatographic  peak  of  the  1-  C-As  metabolite.  The  observed 


peak  ab:orbance  of  the  0.01  ing  As  applied  to  the  small  DEAE  column 
is  0.0055  (from  Table  II).  In  addition  to  the  3.3  ml  of  radioactive 
rat  saliva,  80  ml  of  human  saliva  was  lyophilized  to  dryness, 
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re-dissolved  in  a small  volume  and  applied  to  the  small  column,  the 
chromatograph  of  which  is  shown  in  Figure  15.  In  this  chromatograph, 
the  expected  absorbance  of  the  l-14C-As  salivary  metabolite  would  be: 

0/105^5 abs  0.176  x 10^  mg  As  2.4  x 10  ^ mol  e As  metabol  i te 

0.01  mg  As  1 mole  As  ' 1 ml  whole  saliva 

x 80  ml  human  saliva  applied  = 0.01S  abs  expected  for  1-^C-As 

sal i vary  metabol ite 

At  the  full  scale  recorder  range  of  2.0  abs,  as  indicated  on 
Figure  15,  an  absorbance  of  0.02  is  about  one  half  of  the  smallest 
chart  paper  division,  which  is  detectable.  No  UV  absorbance  was 
observed  for  the  radioactive  peak  (Figure  15). 

Discussion 

No  UV  absorbance  was  observed  for  the  1-^C-As  metabolite 
of  saliva  under  these  experimental  conditions.  However,  no  conclu- 
sion may  be  drawn  as  to  whether  the  metabolite  is  UV-absorbing 
because  the  calculated  expected  absorbance  of  the  l-'^C-As  metabolite 
of  saliva  was  within  the  background  variation.  Thus,  it  remains 
an  open  question  whether  the  enediol -1 actone  ring  remains  intact 
in  the  major  1-^C-As  metabolite  of  rat  saliva. 
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Part  B:  Calculation  of  the  Moles  of  1-  C-As  Metabolites 
Per  Mi  11  i 1 i ter  of  Rat  _a  nd  Human  Saliva  and  Column 
Chromatography  or  R.-tci  cacti  ve  Human  Saii;a 

Introduction 

Based  on  radioactivity  calculations  done  by  Baker  et  al.  (34) 
to  determine  the  size  of  the  As  pool  in  man,  there  are  about  2 grains 
As  in  the  human  body  pool.  A specific  activity  for  the  metabolite 
in  saliva  can  be  calculated  by  assuming  that  the  molar  specific 
activities  of  the  metabolites  and  As  are  equal. 

Methods 

A human  experiment  investigating  the  pharmacokinetics  of  As 

metabolism  was  conducted  by  Dr.  Anders  Kallner  at  Huddinge  University 

Hospital,  Huddinge,  Sweden,  who  generously  agreed  to  supply  all  of 

the  radioactive  human  saliva  referred  to  below.  The  methods  of 

14 

administration  of  1-  C-As  and  saliva  collection  described  below 
were  carried  out  by  Dr.  Kallner. 

14 

Administration  of  1-  C-As  to  H'.na n Subjects 

Human  subjects  were  given  a trace  amount  of  1-^C-As  totaling 
20  uCi  orally. 

Radi oactive  Human  Saliva  Co  1 1 ec  t_ion_ 

Saliva  was  stimulated  with  a quick  rinse  of  citric  acid. 
Saliva  collections  took  place  at  the  third,  fourth,  and  fifth  hours 
for  20  minute  periods.  Bottles  of  saliva  were  flushed  with  nitrogen 
and  stored  at  below  20JC.  The  collection  date  was  November  8,  1976. 
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Dr.  Kallner  then  shipped  the  collected  saliva  on  dry  ice  to  this  lab. 
Four  bottles  were  thawed  January  25,  1977  and  counted.  The  remain- 
ing 3 bottles  were  thawed  May  4,  1978  and  counted,  ul trafi 1 tered 
with  water,  and  lyophilized.  Then  a column  chromatograph  of  this 
lyophilized  material  was  done. 


Resul ts 


Specific  radioactivity  calculations  (a  sample  of  this  cal- 
culation is  given  below)  for  man  given  a trace  of  As  and  for  rat 

given  1 mg  As  result  in  1.8  x 10~°  mole  As  metabolite/ml  human  saliva 

-3 

and  about  0.S94  x 10  mole  metabolite/ml  rat  saliva  (Table  VI).  The 
rat  dpm/ml  saliva  is  calculated  from  data  given  in  Chapter  I.  The 
human  dpm/ml  saliva  data  is  listed  in  Table  VII). 


Sample  Calculation 

Assuming  that:  1)  the  molar  specific  radioactivities  for  As 
and  its  metabolite  do  not  differ,  and 

14 

2)  the  1-  C-As  is  equilibrated  with  the 
As  body  pool , 


then 


1 uCi  v 1 mole  As  # of  dpm 

6 ^ 6 " x 
2.2  x 10  dpm  0.176  x 10  mg  As  1 ml  whole  saliva 


(Rat:  1 hour 
after  label 
Human:  Mean  of 
12  measurements 
at  the  3,4,  and 
5th  hours  after 
label ) 


* of  mg  As  in  body  pool  + 

: A idministered 
■ til  • i adminis tered 


= 4 of  moles  As  metabolites/ml  whole 
sal i va . 


The  radioactive  human  saliva  was  generously  supplied  by  Dr.  Anders  Kallner  at  Huddinge  University 
Hospital,  Huddinge,  Sweden. 

**0ne  milliliter  of  each  saliva  sample  was  counted  as  described  under  "Counting  of  Radioactivity" 
in  this  thesis. 
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The  column  chromatograph  shown  in  Figure  16  is  of  water- 
d i 1 u ted , ul traf i 1 tered  saliva  from  humans  administered  l-'^C-As 
orally.  The  radioactive  human  saliva  using  1-^C-As  labeled  sub- 
jects revealed  a single  major  radioactive  peak  using  the  small  DEAE 
column  (procedure  as  previously  described).  Figure  16  shows  the 
elution  position  of  the  minor  l-^C-As  metabolite  of  human  saliva 
to  be  about  the  same  as  that  for  the  1-1 4c -As  major  metabolite  of 
rat  saliva  and  that  for  the  major  human  ’tabolite  to  be  earlier. 

Discussion 

The  amount  of  1 - 1 ^ C - A s metabolites  excreted  in  rat  saliva 
(collected  at  one  hour  after  labeling)  is  about  9.05.  of  the  total 
lobe!  injected.  The  amount  of  14c  excreted  in  human  saliva  (calcu- 
lated from  the  twelve-sample  average  shown  in  Table  VII)  is  roughly 
0.02"  of  the  total  1*C  administered.  From  these  results,  it  may  be 
concluded  that  saliva  is  not  a major  excretory  route  for  the  1-1  "+C-As 
label . 

The  column  chromatograph  of  saliva  from  human  suojects  who 
had  been  administered  1-1^+C-As  orally  (Figure  16),  shc.eo  a single 
major  radioactive  peak.  This  radioactive  peak  elutes  before  and 
the  minor  radioactive  peak  elutes  at  about  the  expected  position 
of  the  major  1-1 ^C-As  metabolite  had  rat  saliva  been  used.  It 
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human  saliva  (Figure  16).  This  decrease  in  P 1 1 absorbance  in 
human  saliva  which  had  been  frozen  and  stored  has  been  observed 
several  times  for  non-radioacti ve  saliva  samples.  Therefore,  it 
may  be  that  the  loss  of  PI!  absorbance  in  relationship  to  PI 
absorbance  is  a consequence  of  storing  the  frozen  radioactive 
samples  for  prolonged  periods  of  time. 

Bacterial  growth  may  have  altered  the  ; *C  metabolites 
of  As  so  that  Figure  16  does  not  reflect  the  human  metabolites 
but  rather  bacterial  or  decomposition  products.  Further  exper- 
iments using  fresh  radioactive  saliva  from  humans  are  needed. 
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Perot!  s suliitiori  w.i.  ;'l.iss".l  n 5 U ml  l).2\NaOII 
•uid  1 no  ir.  : ret  nee  a ' ID  11m  « as  ii'e.istired.  Ihe  molar  e\- 
Ht'stion  soellieient  . : r ho  mlroealeehol  .anon  is  I 2 500  A 
eoturol  m.is  rtip.  without  en/sn  r.anil  no  delectable  amount  ol 

\ iiii'ns  used  IK  IP  lh. : iurniniltipne:!..  . Iris.  tris(hy- 

tlr.>v\ni'.!*i-  i.oriitomeiltane:  \i<)  isetaie:  I 111  \ et !t> leneiti.i mioete- 
fr.ucftu.  »ic:ii 
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■ i'.c  nnroj  iicwIm!  »ni*»n  .>.s-  ••  cr.  • : ! ’ 

'•.n't  .;nd  .>  n» -\  i incar  cri/*.  *ic  . •'  •-.  :r  : •••  ! . • : /•  — 

;oncc — a mm  of  c • » . . . ; : 

.ibs»)rtM:  cc  h is  mi'iDt  iifKM  •:  . l ■ ' 2 

i • • »r  kinetic  >r:v!iC'<  t \ is  c.  . . : ' • • i 1 1 : . . w 

?t- ‘cciiuro  -’riier  • . mi  .m  ..  . n>:  v 'v.<  ..  -c.  . .»! 

S.  lllillotls  i|  S|  I Pi  M shpi'lasslm;  ... 

v|  aeeuue  biilfer  nuile  pH  d :<  lore  pfer areti.  i sii 

oiti! lops  aisl  ip  a ;.is'il  a .a  .-r.  :h.  • ' e : " sal. . u ; 

.ous'emrairons  n.;re  ;'-er.:ren  i i .s'  • 

■ . ' -s'- : .'.  : : unis  rene  ■;  : : ve 

i eaen  sitbsi  lee  neerurnlion  . - a : ■ * ' 1 r i r 

he  eiwo'.e  prep  r n was  ‘.odeu  and  the  rene:  r :un 

Mas  ineubmeu  lor  I min  at  57  ~i  rhree  : . - ■ 1 ~.  s- 

\.it  .’I  I m i s I ’a  err  . i:-.i  e-.l  .a  - r"  . r, . : * ' . s 


.ve-  red  N r:u  ileien  n.u  ns  were  made  at  each  v ■ 
eoneentration  Who;  iieiermimna  i e pH  tpii:  tin  ’ ; pH 
i ' uiiU'ie'i  ii'iivj  .e'.ie  as'ii  r KOH.  The 'lias!'' 
se.rr'tion  : i-p-e  <Pe  Pi  I ••'••pru-  ..  m - Ai 

N in  . tee!  u suit. ale  nvdr  i' sis  rr.’eres,  curves  si  »»  ■ 
r tc  ’<  in  drop  ,:eere:’.'Cs  c.e"  ’ e.  tiitv  dur  tie  me 

"ei.  ' : ante  ! nus  . v : . -r  '•  :r  ’e.e.  w ■ .v  '.,.s  , 

■;eter,"!neil  b\  a». : . .ei-  en  .-e:  .'ee  - 

sin  . - teeofi'.'P  ' 'a'.e  e.eiPoilo;  V'nsh  ‘ 1 - 1 1 i e ■ - 

-'.re''.'":,  pi  I :e—:'er  dr.reiU  t'te  iss.u  a ere 

Move 

( ' :.' ■■  h r h '•  tii'i e\  \ .rat  K vie 

s:  eu  ! intercept  of  l.ineweat  er  Burk  r >t  - 

I eh  A nil  A ue  vi  computed  from  a ear  reeres 
la t a i each  A i alue.  three  to  lour 

iliai. nr  -.  s".'ni.i:e  ::ie  a'.e'  ice  '.a  '.e  and  l..n:  is 
: n the  avet  ;e  were  mruied  . r A . . ics 

eter  ii  vcrc  . it  'I  two  bitor 

concenir.it:  - e averaee  ••  nee  .nd  stand.::.!  iic 
Irom  the  averaee  . mruied 

/'<■  ir, /I  ■/!  Pro’s-'r  iPeemr..".  ns  were  ile 

termwil  h’.  ■ • : n.  ...  . 1 1 

serum  tibu.  i ..'  ’.!'s  s'  .r.ii.i  : Sche.ctcr  . p 1 i’  h..s. 

in’ 1 1 

l.o'  . ' V.  ■ . . . /’a  ' r i*t  . ; - 

sillier.'. tv.s  i i e " ' "e  \er  a ,s  op'...i:v''..  s'.i  red  :v‘'.’s'  0 

proce • eu  withip  ' leeks  \d  steps  n the  "i.r;!:e.  ' on  pr.  ee 
dure  .ire  done  a'.  til  ' ’( 

Step  I :'ll  ir,:,  li"Huti  " One  kt!upr  ip  "I  1 e-  m is  ■- 

tin 'let:  . n ISuOml  of  cold  e slideii  water  I.  ••  • 

was  :d  in  si. a!  io  pi  I s.i>  usine  1 \1  acetic  acid  tnd  ecnirp  . 'cd 

it  I t lil'O.'  |or  J5  mm  I he  stipernah.nl  m as  ■ dujst i ,i  to  114  " 

UNtne  ^ M acetic . d and  eentrifueed  at  1 3 <•  • 5 to  20 

mi:,  rhe  sediment  was  su  Hied  it  MIO  ml  ol  old  distilled 
w.iier  and  diusteil  to  pll  ’ tl  ivii  'ON  NiOII  lours;'" 
crams  ol  liver  m.is  processed  inu  : it ■ ■ combired  s tlutiop.s  were 
siirrs-ii  lor  ;0  mm  alter  the  las!  solution  m.is  ainieil  l’n'-.e  lor 
proeessiiii:  4 ke  ol  liver  i t this  point  was  about  ^ h 

S ii1,"  ' I ninii'ii:  ,m  ''itlltth'  ir.i.  tinn.;!:.itt  The  above  so- 
lution m.is  nude  III’.,  ammonium  -ult  .te  1 1 1 J • l.i.  eer.trt- 
fuced.it  1 3 (X't'e  lor  ’'Omm  mil  the  precipitate  was  discarded. 
The  ammonium  sulfate  eonceniration  of  the  supernal  ini  ' :s 
increased  to  's1  . t.’I5  c I ) and  allowed  to  stand  oveimehl 
The  solution  was  eentrifueed  al  la  OdOy  lor  20  mm  and  the 
supernatanl  was  discarded.  The  sediment  was  collected  and 
stored  in  the  Iree/er.  Twenty  kilograms  of  liter  was  processed 
throueh  this  step  before  coins  on.  The  enzyme  is  stable  m- 
definiteli  in  ammonium  sulfate  solution,  or  suspension. 

Sh’p  <:  H\  Jrn\\  liirmlilt'  Column  Chrortnitovrapln ■.  The 
precipitate  irom  20  ku  of  liter  was  dissolved  in  I i ol  distilled 


water and uiaiv  zed  overnight  against  55  I of  5 inM  Trisbasc 
adiusted  !o  nil  '.'I  will)  lit'!.  After  di.iivsis  ; lie  solution  a as 
eentrduged  at  10  (Kin-  tor  i h to  remove  anv  sediment.  I wo 
hundred  gram*  of  Bio-Rad  HI  P hydroxy  lapattic  -a as  prepared 
according  to  liio-R.td  instructions  in  o ! M acetate  butfer  i pi  1 
5.0V  \ 5 5 x 5'  _rn  column  uus  prepared  .inn  washed  with 
about  I 5 I.  of  0.1  M icetate  bul  icr  I pH  5.  Oi.  One-third  of  the 
enzyme  preparation  w t>  appiieti  to  hi>  eoiumrt.  T he  column 
was  w un.-i  vs  nil  t)  I M icetate  buffer  i pH  '.(ii  until  the  ef- 
lli.cnt  shs  ted  negligible  absoro.ittee  at  5M)  ntn.  This  effluen1 
had  no  ineasuranie  ascorbate  sulfatasc  aetottv.  Fite  enzy me 
actotiv  w..s  eiuted  iron'  tne  column  with  o 5 M intnioniuin 
-u. late  ,n  0.1  M icetate  buffer.  pH  5.0.  Fite  column  -'as 
stripped  v.‘  protein  .Mth  0. a \1  pt.ospna.tc  .-.diustcii  ton  I 5.4 
with  acetic  acid.  Hut.  >n  fr... lions.  50  mi.  eacn.  were  cuiy zed 


against  cold  ' mM  !'-■>  .pH  ".())  and  assived.  Pr..-cm  con- 
cert:,- mon  was  monitored  ' following  the  5Sti-r.m  0.  orruncc 
\i ter  each  ■oium:  run.  the  hydroxy  ‘ap  t te  Has  rem  -.ed  I nett 
the  . >!um  t.  w ishe  I ivith  several  v<  iun  c;  u 0.  t M phospn  tie. 
*1  no  inc  coltnm  Is*  rcp.iv-^cil. 

SltT  e S, \ !- ' / ( ,'■:,/>>>•  ( hr  /«;.;/  /"ruprv.  Fi.e 
.I'corbate  vad'.u.t  e aetr.  from  tne  nydroxy  iapattte  c ams 
a is  e.  mbined  indc  ineentrated  bv  u iraliltration  front  t .-  I- 
time  or  I • . : i I I ■ ■ • . The  eoncentra  . i tolution  w;  • nade 
0.  M acetate  tpH  ' 01  us  _■  1 .0  M acetate  butfer  -H  'ao 
F;ee  me  solution  was  .spued  to  •.  2.5  X 55  cm  Ncpi:  ides 
\-50  c vhich  h I been  equilibrated  with  0.1  VI  acetate 
buffer  pH  5.01  The  enzyme  * as  c ited  »iih  I I of  a NaCl 
gra  : ei  t.  0 toO  4 M Nat  I prepared  n 0 i M acetate  b iff  :r 
i pH  5.0 1. 

Sun  ’.  I V.v.W  //t  tr.mluputitr  <\>lumn  \ small  hy- 
droxx  me  emamn  v.ith  . ; c.l  volume  ot  ti)  ml.  a. is  pre- 
pare.! a described  above  I he  en/xmc  solution  w vs  eualyzoi 
teams:  55  I of  cold  5 I'lM  Tristpll  ".O)  ..no  tpp  ied  to  the 
e.>  imn  The  oiu  » hed  with  50  ml  >f  0.1  M a eet  ue 
bu:  eripll  : >H  l he  en/  • me  was  eluted  wttn  40  ml . a Otot»  4 
M int’a.'  i uiti  -ml. tie  .”  . .ntinO.I  \1  etatc  buffer  t pi  I 
5 to  I h!  lilut  m oi  each  traction  .sere  •'saved  or  en- 
zyme activity  Figure  1 shows  the  elution  profile  of  it  p I 
hydfo\v‘.ip.itite>  mm  The  t .orb  -uit.itase  activity 
poo  a- 1 i no  di.iiv/e  ; le.-irst  iii'l  ' mM  I r:>  ipll  * Oi  Gel 
electr  >pr  "re. is  .<!  the  pr  tent  it  this  point  showed  that  b are 
was  the:-;,  protein  -pc.ics  present  in  addition  to  the  enzy  me 
’.s.tnn 

Sh’p  6 /‘rcpiir.im  L Itraccntrilim'iiinn  Theen/vnte  .<>- 
lut.  ' - 't,.e:  :.d  to  ml.  bv  tiitraltlir.ition  anti  I.tvered 

on  ’ mi  5 50"-  sucrose  eradients  prepared  in  t)  a's  \t  Iris 
b eripll  s'  - ’ ie’u  were  centrilueed  it  5!4  tK)0p  tor  40 
It  amt  pur  lured,  and  I -ml  fractions  were  collected  Gel 
eic.tr.  ; • rc.i.  ol  the  ir  unions  ...  .wed  ta  it  the  heavy  pr  aein 
sep.ivred  from  the  enzyme 

So:  • preltnnn  :r , d .ta  reported  here  were  obtained  using 
enzyme  which  it  id  Cecil  parital!;.  purified  Using  the  procedure 
of  Vie  hoi  and  Roy  thr  iugh  the  acetone  cut  (Nichol  and  Roy 
!9o4i.  or  by  ammonium  sulfate  reverse  pita. so  solubility 
chrt  ;:t..’.oer  iphv  < art  ■ I‘>*4i.  -Vntmaniiin  sulfate  re- 

verse-ph.tse  solubility  chromatography  has  been  used  in  ihe 
purification  .n  .try  Isulfa  ■ ase  \ from  human  urine  i St  evens  ct 
al..  19751. 

hcl  tin  fror’/iozc'.’v  /Vo. c, lures  denerul  Priii (Tel 
electrophoresis  was  earned  on*  using  a Fris  glvcr-o  svsteni 
(Ornstetn.  1964;  l.aemmli.  I9"0)  and  an  Ortec  411)0  pulsed 
power  supply  . All  the  .teis  were  slab  eels  1 mm  thick  X 50  cm 
lone 

Suiinin?  PmeeJures  [ he  eels  were  stained  for  protein  using 
Cootn.issie  Brilliant  liluc  R.  purchased  from  tvenva  ( hcmtc.il 


i it.;  k i T.  c-n.t  • n r : :crn  ’’x  V.ur.»\v  >r  ti-  - 

( >.  i I'.jiri'  :nk>  cl  .ii  . ItJ"!  ».  The  cc.>  ucre  si.unca  \<r . ; - 
proictn  using  \lcuin  Blue,  purch  veil  ironi  iuk.  vV\  .■  md 

\iichnv  I K*  2).  ^ »c*' ’•' crc  NiciiP.cii  l* »r  .ir\ iMi;!..i.isc  * ’•  "• 
phicinc  ihc  '-'c;  . :i  .1  solulitm  of  :v.\\  rntrocai ■:  'U..  .:c. 
wi'.tch  -.vast).'.  M ..etaieipll  4 > i.  ,,r  50  min  at  5'~  ( The 
eet  w is  remov..:  ram  nttr.-  ate.  ia!  .uil.tte  sott.ti-  n ,:r.d 
p1  ,.ed  in  o.5  \ \ .Oil  \ ' - ■ t re-t  til.:,  due  to  the  nttro- 
ea.i..  no!  mion.  appears  wiv-e  '.he  enzyme  - a .'.ed  and 
dm. mv  di'iii'C.  ( i . were  sttatie.’.  tor  ..seo-  ' .te  .1.,  .'.tse 
acti.itv  bv  placute  them  m . Ill  m\l  solution  of  u r -t.i'sium 
is.'  irh.de  5-'i.  'ate.  w hieh  was  0 ! M te  "I  I 4 • 1.  tor  :0 
to  4'  n it  room  tentt'er  .’.tire,  i hen  tile  eei  w is  n ..  e : 0 

M v x1  1 ■ 1 . t . \ meuvllic  stiver  band  .1  a.  ts  at  the 

oe  . t : n of  the  enzyme  and  does  not  ditf u . . 1 he  gel ..."  be 
placed  itt  distilled  w tier  to  rent.  1 c ev.es.  \c\():. 

Results 

The  re-.,  ts  of  the  pit  at. anon  nr.icedtirc  are  .suntttur  zed 
in  Table  I Ihe  liver  host  mate  •:  t'  ; large  amount  ot  ary 
iulfat.ts  ictivity  relative  to  the  eorbate  sulfatast  ctivixy 
I : . re  lected  in  the  » ratio  of  ascot  te  sulfatasc  to  ar- 
il fa  tasc  specific  t cs.  After  e pH  fraction  ti 

is  1 • . ...re  ,e  :it  -a no  I iic'C  data  suaee't  that  pH 

fr  .C'on.i"  ’ enr.clies  sulfatasc  enzymes  wh.vh  hydroiv/e 
ascorbate  2-siiifaie  I e surernatant  trotvt  the  bli  4 * pro- 
c;  'ation  step  -onto. rts  arylsuil.it  e iic'.'  ty  but  h :s  no 
measurable  tscorbate  sulfatasc  act  y H.tmoccncous  bovine 
ascorbi'e  ulktlase  ’’as  ary  isult.lt. is.-  act  t..a;e  I . i i - ■ • 

show  s an  mere  isc  in  vi  .-.I  ol  lx.it  i.tvt  .a  ter  ammonium 
sulf  ite  fraction  mon  I he  reason  tor  ' tie  ctfc.t  ts  t >:  known, 
but  was  1 served  repc.tiedlv  The  "0  niHJ-l'oid  buriftc.ttion 
nc.  ,'ssarv  to  obtain  iiom  -acnc  uts  ascorbate  sis  1 1 .ta-e  shows 
that  levels  of  this  enzyme  in  liver  are  .pme  low 

( icl  electrophoresis  of  as. orb  'e  sulfatasc  shows  that  *oth 
ascorh.de  sulfatasc  tnd  arvlsu'.fat.isc  activities  h oc  t.ienitea! 
f aein  and  aetivitv  banding  patterns.  This  pattern  consists  4 
a major  sharp  band  iivatcd  between  the  bovine  scrum  albumin 
dimer  and  monomer  bands  followed  bv  1 light  streaking  pit- 
tern.  fills  streaking  pattern  was  seen  repeatedly . It  was  noted 
that,  when  the  en/vme  prep  trillion  w.t.  exposed  to  pi  I st  5 or 
Pll  s V conditions  for  5 to  5 davs.  this  banding  pattern  shifted 
so  that  the  streaking  portion  of  the  pattern  became  more 
dominant.  Flits  streaking  pattern  can  be  seen  in  the  first  di- 
mension of  the  two-dimensional  eei  shown  in  Figure  5.  T his 
stimaested  that  perhaps  there  was  pi  I -dependent  aggregation 
of  the  enzyme.  Subsequent  cels  have  shown  that  the  lower 
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H«.!  Pi  ? T V • ■ : .Tk  ,:m;v  Tt  k.s  lit  H'»:v  .’eric  liA  Do.  me 

. . i I ■ • ■ : ■ . n arc 

MI  r * I ■ 1 1 

* * The  -anmne  a.i  * *.  ln%  .ur  miJc  at  pH  h s U to  humlrv’ 

>r  IS  i.l  i rrcni  w \ 

V Section  A w |a  I foi 
n B was  \l  ; • pn  \ 1 1 non  was 

: resc<t  'f.  the  \cci  i dimer. »'  m I eh  siitum  c<  nt.un-*  *0  u • ‘I 

j'lir  i.  . .alf.fta  *e  I ' sc-*  nii  .on  v : » .t'li.UT  •«k*c\s  suitatv.  X 

M if  i I • »f  the  first  din 

p.-Kfii  n i lu!:"M  • » ii  i 's  M liMpll '«  m. ’"•.(■iriTv.'.r  vihr  a ' 
M ure  i.  iml  «lium  «!«*dve\l  >uit  tie  .:i  37  °<  lor  ?.  It  T his  >cct  n a ;> 
paced  "p  * ip . >1  a runnin  • :ol  » i Jf  . icr-. lamide  prepared  in  0.  I*  ••  >ouiuni 
d.-a..  i it. tie  A M .re.:.  ind03:5  M In  -l l(_  1 ipll  XX)  \ Mrs* 

.k'’  ...  •:  .!c  . reiurcd  in  0 i"  . suUtum  dodool  Niiitate.  ' M urea, 

■u  <1  it  i \1  f-is  i l<  I i t'H  n Sf  w is  poured  on  top  of  the  Hr’.,  runnaui  gel. 
O ■ ■ • 5 ■ I 

current  w is  ^ \ and  the  linui current  m. is  10  m \ I hc  gel  was  stained 

for  protein. 


streaking  band  becomes  the  dominant  band  when  the  pll  of 
the  -.i  i.fcmg  gel  is  x.x  and  that  the  upper  bar  ;s  dominant 
when  the  stacking  gel  is  pi  I (vN.  Only  the  upper  band  is  present 
when  gel  electrophoresis  is  done  tn  which  the  gel  is  pll  7.2 
throughout.  These  gels  are  prepared  anti  eleetrophoresed  in 
0.15  M I ris i pll  " 2).  I hese rcstiits  indicate  that  there  is  a drift 

5224  Bior  it  p m is  r r v . vm  16.  so  24.  |0’ 


\garose  \- ' .5m  in  I).  I M icetateipH  ;.a 1 buffer  ,md  impure 
en/vine  gives  i molecular  wcieh.i  ot  about  eOOOOO  lor  as- 
corbate suifatase.  Both  siring  c dunm  ami  gel  electropn. .rests 
experiments  indicate  that  .tscoroate  sup  • .w  chances  re  a ro- 
gation .tales  denendir.a  upon  pi  1.  The  kinetics  responsible  lor 
the  shift  in  aggregation  state  was  not  investigated  iurther 
(ie'.sot  lscornate  suifatase.  run  in  thcTris  giveme  system 
in  the  presence  o!  it.  1 ‘..sodium  aooecyl  su.iatc  and  • M -re... 
show  i he  presence  of  two  protein  bands.  These  two  protein 
ba mis  hate  relative  mobilities  corresponding  to  in  .-al  r 
weiehts  of  f > 000  and  '2  • '00.  The  50  Ol'O  molecular  weight 
band  is  more  highly  stained  than  the  '2  000  molecular  weight 
band  Both  bands  stain  positively  for  glycoproteins  Todeter- 
mine  whether  one  ol  these  protein  oanvis  could  no  an  i:u- 
P'.ritv.  a two-dimensional  re!  as  run  The  'irst  dimension  was 
run  under  nonden.it urtr.g  conditions  where  the  nil  ot  •n.e 
stackiiiL'  eel  and  r annu.r  rei  was  s s.  I he  second  dimension 
was  run  under  denaturing  ondit  ns  This  gel.  pictured  n 
Figure  2.  shows  lhal  !he  two  bands  wen  under  den.it  uri  re 
conditions  are  everywhere  associated  with  the  c t - ctivny 
and  i he  p:  >tcin  bam!  mg  pa  Herns  observed  in  the  first  dimen- 
sion I hese  results  indie  tc  that  the  ascorbate  sull..i.i-e  .s'.n-ity 
is  homogeneous  even  tlv-ueh  it  e..”s  -’.sot  two  closely  associ- 
ated nrotem  species. 

The  nl  I or:  mum  ol  homogen  :ous  ascorbate  suifatase  is  4 $ 
at  i.'iiic  streivrilu.  oi  0. 1 and  >t  2 I he  pH  ■•plintum  ol  a-corbatc 
siiilat. i'c  pari:.:;!,  purified  ihrouah  the  acetone  cut  us;ne  the 
procedure  ol  Nichol  a.nd  Boy  is'  4 < Nichol  and  Roy . I'«v4). 
The  pi  I optimum  of  t he  ary  Isui  ..i.isc  activity  of  homogeneous 
bovine  aseorb  ite  suifatase  s pi  I ' o to  pll  5.7. 

Table  II  shows  the  effect  of  several  compounds  on  ascorbate 
suifatase  activity.  There  appears  to  be  a slight  activation  bv 
Met  VO)-.  Mm  VeOH.  and  /u(  |.  There  is  a slight  inhibition 
by  N.iCI.  \scorbaic  2-phosphatc  is  the  most  powerful  inhibitor 
followed  bv  N.i-HI’Oj  and  then  by  the  nucleotide  triphos- 
phates. It  is  possible  that  the  nucleotide  triphosphate  inhibition 
is  due.  in  pari,  to  the  presence  of  some  inorganic  phosphate. 
However,  iscorbate  2-phosphate  contains  less  than  O.l'V  in- 
organic phosphate.  Glucose  t.-sulfatc  and  chondroltin  sulfate 
are  vcrv  poor  inhibitors  which  suggests  that  they  probably  are 
poor  substrates  I ITT  A does  not  alfect  ascorbate  suifatase 
indicating  that  divalent  metal  ion'  are  not  necessary  for  en- 
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/ymc  act:1.  itv  Similar  e!  feels  have  been  reported  for  the  in- 
htbii'on  In  sua.tr  phosphates  ar.>:  hv  nucieot:dc<  or  ascorbate 
sttil.tuso  partialis  purified  from  the  murine  gastropod 
O';.:'  -:t:t  lamptvi  ill..tan;ika  ei  .if.  Be.  me  ascorbate 

suif.it.: -c  dees  not  imiroh  /e  .iscoruate  2-phospnate:  however. 
t e.i/i  alkaline  phosphatase  does  hydrolyze  ascorbate  2- 
ph-.isrhate  I unpublished  dntai.  Phosph  He  ir.htmtion  ol  other 
suit.:',  .e  .tensities  has  not  been  studied  in  am.  ietaii. 

The  kinetis  . of  ascorbate  sulfata.se  depend  upon  onie 
strength.  At  ::  ionic  strength  oi  0.2  there  is  ..pparent  substrate 
inhibit  n be  t nnmg  at  4 to  5 mM  tscorbale  2-sulfatc.  \t  ion  e 
strength  0.1  substrate  inhibition  s not  obsersed.  \:  an  ionic 
strength.  of  0.1  the  ary isiilf.it. tse  activity  of  pure  ascorbate 
mi!!'  ' ise  is  also  substrate  inhibited  This  can  be  seen  in  ) inure 
3 where  the  I I'cwcaver  Burk  plot  results  in  .in  upward  curving 
line  near  the  i intercept. 

I he  kinetic  pr. .perties ascorbate sulfatase are summarized 
in  Tabic  III  The  third  . nd  fourth  columns  of  Tabic  III  com- 
pare the  lr  iii'lvsis  of  ascorbate  2-sulfate  with  isoaseorbate 
2-sii.fat  ; Tie  en/vne  preparation  and  the  assay  conditions 
are  i-iven  in  Table  III  \scorbate  2-phosphate  eompet. lively 
inh,  the  hvdrolysis  of  wo iseorbute  2-suifate  and  iseorbate 
2-siill.ite  w un  i A . o|  about  0.4  uM  Tlie  type  of  in  mbit  ion  by 
loruanic  phosphate  is  not  clearly  competitive  or  noncompet- 
ilive  for  either  substrate  usinu  tins  en/yme  preparation! 
Na-IIBOj  inhibition  of  the  pure  en/yme  is  competitive  with 
a A of  1 2 uM  as  recorded  in  the  lira  column  of  fable  III  The 
A , for  isoaseorbiite  2 -sulfate  hydrolysis  is  about  1 3-fold  lower 
than  the  A-,,  for  ascorbate  2-sulfate.  Not  given  in  Table  1 1 1 are 
da;  vhtch  show  that  the  t . ,,  for  isoaseorbate  2 -sulfate  hy- 
dro! y us  is  16-fold  lower  than  ihe  I'.,,.,,  for  ascorbate  2-sullate 
hydr  -A sis  The  A..,,  or  ascorbate  2- sulfate  alter  free/ine  and 
thawing  this  en/yme  preparation  s 2 m.M.  Ascorbate  2- 
sulfate  hvdroivsis  is  competitively  inhibited  by  inorganic  sulf.ile 
with  a A.  of  0 i)4  mM. 

The  frst  and  second  columns  of  Table  1 1 1 compare  ascorbate 
2-sulfate  hydrolysis  with  nitrocntcehoi  sulfate  hydrolysis.  These 
studies  were  done  using  the  bomoger  is  en/yme  The  assav 
conditions  are  given  above  and  stated  briefly  in  Table  III  In- 
hibition :s  competitive  for  ill  cases  except  for  phosphate  inhi- 
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bi’.ion  of  the  arylsu'.fatase  iciiviiy.  The  I new  caver  Burk  plot 
for  pliospnale  inhibition  oi  the  ary  isuilii'.use  activity  resulted 
in  upward  cur-vine  lines,  as  shown  m figure  5 k enU  k . .dues 
given  in  Tab'-.-  ill  are  s'gniiiean.'y  burner  u.-r  ary isu.tat ’we 
actt'ilv  than  for  the  ascorbate  su.iatase  activity . I he  A.  :•  t 
nitr.vateeh  i sulf  ite  ealeuiated  from  initial  velocities  iStm- 
shoff.  :,i"2i  is  0.32  m.M  ± 0.02  m.M  w hieh  is  not  >:r.tlk  -i.tiy 
different  from  t --c  k at  0.5  mM  r mM  tsee  1 able  ill  1 
which  .v as  calculated  from  10-mm  velocities. 

Diseiissu'n 

fit  .*  major  purtfieatu  n step  . f ; -c.  n ■ a i c su  1 ne.se  is  hy- 
droxy lapatite  column  chromatography.  It  was  discovered 
earner  that  ..' . ■ : " ate  'if : ,.ase  is  powerfully  inhibited  by  in- 
orvn.  phosph  :ie  it 'arisen  et  ah.  Id"f»)  Several  meti'.ods  ot 
purification  sere  attempted  based  vui  this  m:v  ' ‘.ion.  Hy- 
dros-. tp  i* -:e  was  ciu'se  i since  it  is  an  inorganic  phospn.ue 
male-  I The  en/yme  bound  to  the  hydroxy  lapatite  an  a could 
be  removed  will;  low  phosphate  concentrations  1 10  mM'  or 
with  0.3  '-1  ammonium  sulfate.  I ndcr  these  eondit-ons  very 
little  of  the  protein  is  reu;.  wed  trom  Hie  co'umn  but  most  •'!  the 
enzyme  ictivity  is  removed.  Ammonium  sulfate  was  cf  > — 
t>-.  f use  the  en/vive  '.-cause  it  is  a ess  povverlu!  Iniupr.or  than 
inorganic  phosphate  and  therelore  laeilit.iies  the  ..  at  ingot 
the  tra. tions  Tie  second  hydrovylapatitc  column  'step  'I 
results  in  vcr.  Hi!.-  purification,  gives  a poor  yield,  and  is 
prohablv  ..n  unnecessary  step. 

pll  I'r.ietionaiton  enriches suil.it  :se  en/yntev  which  hydro- 
Iv/e  both  ascorbate  2-sulfate  and  nitrocateehol  sulfate.  The 
literature  supports  the  idea  that  pi  I fractionation  may  remove 
arv isuil.it.tse  activity  which  does  not  hydroly/e  ascorbate  2- 
suil'ate.  Worhate  2 -sulfite  is  a verv  poor  substrate  tor  aryl- 
sulfatase  ii.  while  ary isullatase  A readily  vd:  iy/es  this 
molecule  (Roy.  (•*“51.  \t  pH  4 ~ bovine  arylsulfata.se-  \ pre- 
cipitates while  arylsiill'iitase  B rem  ons  m solution  i NicT.o!  and 
Kov.  I"64i  Mien  and  Roy.  I %X I.  Thus  it  is  possible  that  sul- 
fat.ise  en/vmes  which  hydroly/e  ascorbate  2-sulfate  are  sep- 
arated from  sulfatase  en/y  mes  w hieh  do  not  hydroly  /e  ascor- 
bate 2-sulfatc  during  the  pll  Irnetionati  in. 

A purification  procedure  based  on  eoneunivvalin  \-Sepha- 
rose  afliiiitv  chromatography  was  attempted  (unpublished 
data'.  Arvlsulfatase  from  sheep  brain  has  been  purified  using 
this  method  i Bishay ee  et  al..  1^73;  Bisiiayec  and  Baehhawnt. 
1974 1 Worbatc  sulfatase  binds  to  eoneanavahn  VSepharose 
and  could  not  be  removed  using  a variety  of  eluents  and  con- 
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ditions.  h . not  known  whether  '.Ik-  coin::!;:  uestroxed  'he  en- 
zyme aett.r.y.  .-..mover,  .oncan.iv.uin  \.  m .•oncentnr.tons  ur 
me  r; . i . does  not  inhibit  ..sc.  -route  suifatase  activty . 
T iic  minims  >i  the  en/yme  suggest.  that  it  is  j givcoprotein. 

Itiituilv.  it  w is  hored  th.it  there  wouid  be  an  ascorbate 
sulf.tt.ise  en.’> me  whieti  would  prov e to  be  distinct  from  ,ir\  I- 
suiiatase.  . nd  '.'inch  could  be  separated  from  .,rvi-niif;ii.isc 
activity  during  purii'ication.  However,  ar.lsullatase  and  as- 
corbate oil'.n.tse  activities  coparity  to  homogeneity  Sc.  era! 
en/x  tme  properties  of  ascorbate  suifatase  chance  during  pu- 
rif.c  ..ion.  1 hese  .nciude  a cn.tnge  from  activation  to  inhibition 
of  the  en/yme  by  sulfate,  chances  in  A . -.alues.  and  chances 
in  the  pi  I runtum.  There! ore  there  is  good  reason  to  oclieve 
that  the  in  vivo  en/ytr.c  is  different  from  the  homogeneous 
cn.’xmc  \r>  Isulfata-c  \.  prepared  in  Siehoi  and  Roy  ( 19641. 
is  pr  >f>ubiy  aisO  a mod  hied  en/x  me  and  differences  between 
ascor'-ate  suifatase  and  iryKui fa:  tse  \ eouid  rise  from  the  fact 
that  the  humoacneous  preparations  are  different.  Whether 
ascorb  tic  su  ' tta.e  anu  arvisuifala.se  A are  the  same  en/yme 
or  h ive  a common  origin  is  unknow n.  Similarities  between  the 
two  cn/v  tries  ..re  discti.-scd  below  The  data  do  not  rule . 'tit  the 
possibility  that  there  ;.  .n  a.c  vrbatc  sulfa:  ;sc  cn/v  me  which 
d'  c . not  h.r  e arv  isulfata  c tetivity.  Such  an  en/v  me  would  tie 
difficult  to  purify  because  it  would  be  massed  by  the  en/yme 
pur: lied  here  which  uas  both  ascorbate  suiiatase  and  irvlstii- 
fata.se  act!',  ities 

Gel  electrophoresis  and  sizing  columns  show  that  ascorbate 
suifatase  chances  aggregation  states  depcndinc  upon  pli. 
These  cels  also  show  that  both  ascorbate  suifatase  and  ary  I- 
suliaia-c  act: . -tie.  are  asst  v.ated  with  the  .a me  protein  species, 
pi  I dependent  chances  in  accrecation  states  'nave  been  de- 
scribed lor  bovine  ary  isulfata'C  \ t Ttracenirifuee.tiori  studies 
show  that  arvlsulfalasc  \ changes  from  a molecular  weight 
ol  100  000  !T0  00'  - at  p|  I '.5  to  a molccul  : r w eicht  of  about 
•*(«>  000  at  pH  5.5  t Nichol  and  Kov,  l‘d-4.  |«)i»5) 

Gels  run  under  denaturing  conditions,  i e , sodium  dodecy  I 
suit. ite  and  x M urea,  and  two-dimensional  cel  electrophoresis 
shows  that  ascorbate  suifatase  is  pure  and  that  it  c. insists  of 
two  distinct  protein  species.  These  protein  species  consist  of 
a dark  staining  Goomassic  blue  band  with  a molecular  weight 
ol  59  000  and  a light  a -mine  (foomtissie  due  band  with  a 
molecular  wcictil  ot  .'2  Odd.  The  difference  in  the  intensity  of 
staining  is  not  understood.  If  the  intensity  of  staining  is  pro- 
portional to  the  amount  of  each  protein  species,  then  the  two 
proteins  are  not  present  n a reasonable  ratio  for  the  en/vmc 
to  he  i simple  two  subunit  en/vmc.  These  data  suggest  that 
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bovine  ascorbate  suifatase  is  complex  en/yme  p : c....v 

\scor oi.te  -.uilaL.ise  has  sim.iar  pitysic-.i  pr  -hcr'ies  ...  ir  .- 
sulfatase  A 

Differences  between  the  kinetic  citaractcrt sties  ot  mtr.  ca- 
techol sulfate  hydrolysis  with  those  ol  ascorbate  2-sudate 
hvdrolxsis  shown  in  Table  III  suggest  that  the  -.nac 
mechanism  of  ascorb. itc  suifatase  is  more  c implex  man  a 
ample  one-site  model  mechanism.  \ simp.e  one-sac  model 
would  dictate  that  the  A „ for  ascortcttc  2-s  mate  equa.  the  A, 
value  for  ascorbate  2-sulfate  inhibition  ot  the  aryisuiiatasc 
activtv.  They  are  significantly  different.  The  A values  tor 
ascorbate  2-phi'sphatc  inhibition  ot  both  aryisuItatti'C  and 
asc  irbatc  suiiatase  activities  should  be  equal.  but  ..re  not.  The 
fv,„  tor  raroc.uechoi  sulfate  should  equal  the  A lor  p.itroca- 
teciiol  sulfate  inatof.ton  of  the  ascorbate  suifatase  aettvov. 
\g.itn.  the.  are  not  equai.  One  explanation  ot  these  data  eouid 
be  that  the  en/v  me  has  multiple  uncqutvalctu  binding  sites  lor 
hot h nitrocatechoi  sullalc  ind  ttseorbate  2-suifale.  Othc'  tata 
presented  in  tills  paper  also  suggest  that  the  en/y  me  nas  mul- 
tiple binding  sites,  file  nonlinear  l.ineweaver  Burk  plc-t  tor 
phosphate  inhibition  of  the  ary -suifatase  act  vitv  is  succcsttv e 
of  multiple  binding  sites  Substrate  inhibition  oy  both  ascorbate 
2-sulfate  and  nitrocatechoi  -uif.tie  suggests  multiple  binding 
sites  : >r  these  moiecuies.  Thus,  ascorbate  suifatase  is  a complex 
ea/v  me  kinetic, illy  as  well  as  physically,  i urtherwork  is  nee 
essary  to  understand  the  kinetic  and  physical  complexity  o;  lists 
en/yme.  Sttcntion  should  be  focused  on  the  relationship  ot  Me 
two  protein  species  which  comprise  ascorbate  suifatase  and  to 
the  fact  that  this  en/yme  is  t glycoprotein. 

It  is  known  li-.at  ascorbate  2-sullate  is  converted  lit  asc/roie 
acid  in  sever.! i biological  systems  tllalvcr  ct  al  . 1**~ 5:  Baker 
ct  al..  T>~5;  Knight.  T<~4i.  The  most  obvious  role  lor  ascorbate 
suifatase  would  be  to  carry  out  this  conversion.  However,  trom 
the  data  presented  in  this  paper,  it  is  not  so  obvious  that  as- 
corbate suifatase  in  its  present  slate  would  hydrolyze  ascorbate 
2-sullate  in  vivo.  The  best  estimates  of  urine  and  tissue  ho- 
mogenate levels  of  ascorbate  2-sullate  in  the  rat  (March.  19“2) 
arc  much  lower  than  the  A,„  value.  In  addition,  physiological 
concentrations  of  phosphate  are  much  higher  than  the  A value 
for  phosphate  of  5.5  g\l  These  data  make  tl  unlikely  that 
purified  ascorb  tie  suifatase  eouid  hydroly  /c  ascorbate  2-sui- 
fate  in  vivo  It  is  possible,  however,  that  microenvironmental 
concentrations  of  these  molecules  in  vivo  could  be  such  that 
Indrolvsis  would  lake  place.  It  is  also  possible  that  an  ascorbate 
suifatase  exists  in  the  irout  which  has  quite  different  properties 
since  in  this  species  ascorbate  2-sullate  is  an  effective  vitamin 
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A11S1 RACT 

A new  synthesis  of  L-r/ireo-hex-2-enaro-1 ,4-iactone  (4)  (“saceharoascorbic 
acid”)  is  presented,  whose  unique  feature  involves  oxidation  of  the  side  chain  of 
ascorbic  acid.  Ascorbate  2-sulfate  (l!  was  selectively  oxidized  in  water  at  pH  S-S.5 
with  platinum-on-carbon  catalyst  to  yield  the  2-sulfate  (3)  of  4.  Hydrolysis  of  3 in 
15  trifluoroacetic  acid  for  90  min  at  70  yielded  4.  The  procedure  affords  a useful 
preparation  of  4.  and  demonstrates  the  excellence  of  sulfation  for  protection  of  the 
enediol  of  ascorbic  acid  during  synthetic  manipulations  of  the  side  chain.  The  sulfated 
ring  is  stable  to  oxidizing  agents  and  to  base,  yet  sulfate  is  readily  removed  by  acid 
hydrolysis.  The  properties  of  a new  compound  (3)  of  biological  significance,  and 
those  of  the  previously  uncharacterized  4.  are  reported. 

INTRODUCTION 

The  C-6  oxidized  derivative  of  ascorbic  acid.  L-f/imi-hex-2-enaro-  1.4-lactone1 
(4).  was  described  in  a 1947  patent  by  N.  R.  Trenner*.  who  named  the  compound 
L-gulosaccharoascorbic  acid.  The  patented  synthesis  involved  oxidation  of  an  O- 
isopropylidenesorbose  derivative,  with  subsequent  isomerization  and  Deionization. 
The  product  was  identified  only  by  its  m.p.  No  further  chemical  or  biological  charac- 
terization of  4 has  since  been  reported,  although  it  is  unique  in  being  the  only  side- 
chain  jv  ’ized  derivative  of  ascorbic  acid  to  have  been  described. 

Rev  nt  studies  imply  that  C-6  oxidation  of  ascorbic  acid  is  an  important 
metabolic  process3  and  compound  4 has  been  postulated  as  a metabolite  of  ascorbic 
acid1,  although  4 was  not  then  available  to  verify  this  proposal.  Hornig5  has  proposed 
that  the  major,  polar  metabolite  of  ascorbate  2-sulfate  (ll  observed  in  the  urine  of 
rats  and  guinea  pigs  is  the  2-sulfatc  (3)  of  4.  This  compound  has  not  been  previously 
synthesized,  nor  has  it  been  identified  as  a product  front  natural  sources. 

This  paper  presents  a new  synthesis  of  4 in  which  I is  prepared  as  an  inter- 
mediate. Purification  and  characterization  of  both  compounds  is  described.  The 
synthesis  introduces  a procedure  of  potential  general  value  for  the  protection  and 
subsequent  liberation  of  the  labile  ring-hydroxyl  groups  of  ascorbic  acid.  We  were 
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not  ahic  to  obtain  4 by  Trcnner's  patented  procedure  as  written,  and  modifications  of 
his  synthesis  are  also  outlined  here. 

EXPERIMENTAL 

Preparation  of  potassium  ascorbate  2-sulfate  — The  sait  K.,-1  was 

prepared  by  a published  procedure1’  developed  ill  our  laboratory. 

Catalytic  oxidation  of  I:  preparation  of  2.  — The  potassium  salt  of  1 (K.,-1. 
(2.0  g,  6.0  mmoi)  was  dissolved  in  150  ml  of  doubly-distilled  water  and  the  nil 
adjusted  to  8.5  with  0.5m  potassium  hydroxide.  The  solution  was  placed  in  a 250-mi. 
three-necked  flask  cciuipped  with  a paddle-lvpe  stirrer  capable  of  I "00  r.p.m.  (no 
load).  A pli  probe  was  placed  in  one  neck  of  the  tltisk  and  a buret  tilled  with  0.5m 
potassium  hydro' ide  was  placed  so  that  the  base  cottid  be  added  dropwtse  duritvc 
the  reaction.  The  temperature  was  maintained  at  60  bv  means  of  a water  huh. 
Platinum-on-carbon  catalyst  (5  0.5  g,  Matheson  Coleman  and  Belli  was  added 

to  the  solution  and  sweeping  with  oxygen  t ~0.5  I'min  ) was  begun. 

I he  pil  decreased  immediately,  and  was  maintained  between  8.0  and  8.5  bv 
addition  ot  0.:-m  potassium  hydroxide.  I he  volume  of  alkali  consumed  in  this  manner 
was  recorded.  Alter  9 h,  the  reaction  was  stopped  and  the  mixture  was  filtered 
through  line  paper  to  remove  the  catalyst,  which  was  recovered.  The  solution  was 
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coo  tin a to  r*  o m temperature.  i-iStrat.on  vieided  colorless.  non-iy- yroscopic  cry '.mis  | 

of  the  trinotassium  >aii  of  2:  > icici  i .75  e (70"t  ).  m.p.  240-24:>'  doc..  /.... tx  2o4  nm 
«<;  1 6.600 ) at  pi  l 6.8m  i 

Mtai.  Caic.  for  t .,H,K  ,0,„S  ■ 2!i:G:  (.420. 1 ) C.  17.12:  ■!.  1.67;  S.  7.04.  Found  j 

; Huffman  Laboratories  i:  C.  17.21:  H.  1.8ft:  S,  7.7 i. 

Fills  o'  idatiort  was  ai<o  performed  as  before  but  *.v i ih  10.0  a oi  potassium.  1 
>a  2'*0  mi  >f  water.  to  yield  '.5  g O>0"  .)  oi  tripotassium  2.  m.p.  240-24;  dee. 

Anal  Mica  i niciArri*  '->r  ana  properties  of  2.  — Column  chromatography  on 
Whatman  Di  -72  O-diethv laminoctiiyl ) eeiiulo.se  i vallate  lorm i was  used  :o  the 
pr::.;ar'.  assav  for  the  puritv  of  2.  Lhition  was  achieved  by  a ’jumped  gradient  ut 
sulfuric  acid,  and  the  u.v.  absorbauee  of  the  eiuate  was  monitored  it:  a tlow  ceil. 

Tlie  recrystaiiized  products  showed  no  impurities  registering  >i"0  ot  the  product 

peak  on  the  u.v.  monitor  printout.  The  column  separated  ! and  2.  S\  'terns  were  j 

developed  f ■ the  separation  of  1 and  2 by  t.i.e.  , 


Sol Vl  lit 

r.i.e.  media 

R.l 

Rf2- 

150 : 75  : 25  Propanol- ammonia -water  (A  1 

Bakertlex  1 cellulose 

0.60 

0.45 

1 50: 75  : 25  Propanol-  ammonia  water  ( A i 

I astman  (>060  silica  ge! 

0.54 

0.4' 

15  ' ’5:50  Fthy  1 acetate  acetic  acid  water  ( 15 ) 

r.astman  tiOftO  silica  cel 

0.22 

0.17 

Solvent  .1  on  cellulose  Plate-  ,v;r.  the  most  convenient  of  these  systems,  as  the  same 
solvent  de'.ei  'ped  very  slo.vly  oil  silica  gel  plates. 


The  kr2  and  K 1 salts  were  shown  tv>  be  quite  stable  in  aqueous  solution 
at  "oom  temperature.  Solutions  of  10  lit:  of  IS  , -2  ,.nd  K 1 in  4 ml  ot  water  were 
stored  in  stoppered  lasks  for  4S  days.  1.1. e.  ot  the  stored  solutions  showed  no  sign 
of  decomposition.  The  solutions  were  not  discolored,  and  the  chromatograms 
showed  no  other  spots  or  streaking,  nor  any  sign  oi  material  at  the  origin  or  solvent 
front. 

The  CO. 1 1 infrared  absorption  in  K.,-1  did  not  appear  as  a separate  band, 
the  group  is  pre  cm  as  a eaibovylute  anion,  and  its  primary  absorption  caused  by 
asymmetric  stretching  occurs  at  1610  cm'1,  ami  ms  is  a part  of  the  large  C 2 (7-7 
double-bond  stretching  absorption  shown  by  liotn  compound.'  at  MO1  cm  . The 
les '-intense,  symmetric,  stretching  absorption  of  the  carhowlate  onion  does  occur 
at  1400  cm'!.  Assignments  for  k ,-2  and  k.-l  are  the  same:  7:2'  Oil  i.  72U1'  7400 
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The  '.sit  k.-2  was  quite  soluble  in  ••utter:  L5  g ui  -olvea  n 2'  :u  ••:  water  -it 
room  temperature.  but  v i r t olv  insoluble  in  methanol.  ctiu.'.oi.  chloroform, 

acetonitrile  and  ace. one.  Aqueous  utioii-  • 2 ,:'.e  :s  brick-red  cm.  r in  the  presence 
of  ferric  ions  tndi-i'.-igui.slnihie  front  li  e c gor  given  by  1.  i'i..'  mteti':!-.  the  -..v.or 
mus.es  till'  a usefui  -pot  te- 1 f-  r '.lie  detection  ••!  the  c "our  : . Ihc  -ail  K.-2  hoes 
not  reduce  2.6-dichloiv  mior  ,-noi  and  gives  a nee.sti . e I'olleos'  tea. 

AdtI-cataiyzeii  Inarolwds  oj  2:  preparation  ot  4.  — ihc  K.  -ait  of  2 • 2.40  g. 
5.-!  mmol  i was  dissolved  in  It)  ml  ol doubly -distilled  water  and  j .oseJ  through  a 

2.5  50  cm  column  of  Do\vc\-50  resin  (H  ’ form.  20-40  mesh),  with  eiution  by 
distilled  water.  The  iVttetioi's  count:":!) •:  2 were  eoi’eeted  i , nine  40  mi).  Tins 
solution  vas  placed  in  a tube  equipped  with  a nitrogen  inlet,  consistinu  of  a Teilon 
tube  inserted  to  the  bottom  ol  the  solution,  and  tise  tube  was  then  —aced  m a water 
ha:. : at  75  . Sweeping  with  nilroeen  was  begun  and  7 ml  ol  triiluoroacetie  acid  was 
added.  Sweeping  with  nitrogen  was  maintained  throughout  the  react!,  i.  Aliquots 
of  25  ui  were  amoved  tu  intervals  and  added  t<*  10  mi  of  pi  1 dost'  buffer,  and  then 
titrated  rapidly  with  standardized  in't  2»6-diehlornindophenol. 

A 1.0  niM  solution  of  2.6-diehioroindophenol  wa,  prepared  from  0.1 -o  g of 
its  .odium  salt  in  500  mi  of  doubly -distilled  water.  Standardization  wa.  achieved  by- 
titration  with  three  weighed  samples  of  reagent-grade  i. -ascorbic  acid.  I he  endpoint 
in  standardization  and  in  the  assay  was  judged  to  be  the  appearance  of  the  first 
permanent  blue  color. 

After  vii  min  the  reaction  was  complete  as  determined  by  titration  with  2.6- 
dichloroindophcnot.  The  solution  was  chilled  in  ice  and  1.12  g t5. 7!  mmol)  of  barium 
caroonate  were  added  carefully  tCO,  evolved).  After  stirring  for  10  nun.  the  sus- 
pension was  filtered  through  a medium-pore  glass  filter  to  remove  precipitated 
barium  sulfate.  ...aporation  to  a syrup,  addition  of  ahs.  ethanol  (25  ml)  and  further 
evaporation  to  a syrup  was  followed  by  drying  under  vacuum.  Crystallization  from 
acetonitrile -chloroform  gave  a non-hygroseopic  sof  t.  Recrystailizaiion  from  the 
same  solvents  yielded  4 as  a white,  microcrystalline  solid:  yield  O.'O  g |(s4"  ,),  m.p. 
212  215  dec.,  (lit.-  206-210  i:  7550.  '.’00  broad.  1760.  1710.  16oO  cm  /.m,, 

266.5  mtt  u:  10.200)  at  pi  I ••.56. 

Anal.  Calc,  for  C„H„0,:  C,  37..SS:  H.  3.15.  bound  (Hallman  Laboratories): 
C.  5S.24;  II.  3.10. 

Analytical  methods  for  and  properties  of  4.  Column  chromatography  on 
0-idicihyiaminoetny  1 (cellulose  t sulfate  form)  was  used  as  the  primary  assay  for  the 
purity  ol  4 l.lution  was  achieved  by  pumped  gradients  of  sulfuric  acid,  and  the  u.v. 
absorption  of  die  eluant  was  monitored  with  a flow  cell.  I hc  recry stallized  products 
showed  no  impurities  registering  above  I of  the  product  peak  area  on  the  u.v. 
month  r printout.  A smail  amount  of  an  impuritv  in  tiio  crude  product  appeared  as  a 
peat,  at  the  void  volume.  The  column  separated  4 from  ascorbic  acid. 

The  identity  of  4 as  just  obtained  with  tli.il  from  I'rcnner’s  synthesis  was 
demonstrated  by  chromatographic  identity,  their  identical  i.r.  spectra,  and  an  un- 
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cnangeu  mixed  m.p.  The  carbony l-stretching  vibration  in  :hc  :.r.  sneurum  of  the 
carhoxv nc  ;r  .1  croup  in  4 appears  Lit  ! 10  cm  vveil  distinguished  *roiii  the  1 bo 
vR'."  • 'actoue  v.  -<)i  and  N'AO  .m1.-1  (C  ( > absorptions  a a : : ior  comic  and 

4.  FI'-'  acid  4 is  cutte  sotub-c  In  water  and  chows  appreciable  so'asmlitx  in  uceionitn.c 
It  i.-,  iess  soluble  in  methanol  and  ethanol,  and  is  insoluble  in  chloroform.  It  reduces 
Z/'-dichloroindoniienoi  solutions. 

Prcparcui'  ii  > ■ j J.j-t )-/vu,ni7i,ni*/tV/t7U'-s-i  -surri  aurciw.oc  ir*>.  - vinciy  ground 
L-sorbose  i30  c.  0. ! " molt  was  added  to  500  mi  of  reagent-grade  acetone  in  a i -liter 
round  bottom  tlask.  Concentrated  sulfuric  acid  (30  nil)  was  added  during  0.5  h 
to  the  stirred  suspension.  The  temperature  remained  at  25  5 and  the  sorbose  c:d 

not  complete^  dissolve  in  tins  time.  Alter  an  additional  h oi  stirring  tile  solution  was 
cooled  in  ice  and  neutralized  with  50",.  sodium  hvdroxidc.  keeping  me  temperature 
below  21'  . The  precipitated  -odium  suilate  was  nhered  oil  an.c  the  solution  eonec  - 
trated  (rotary  evaporator'  to  remove  acetone,  the  final  volume  erne  SO  ml. 

The  solution  was  poured  into  a solution  of  40  g oi  imr.  ertr.ued  suiluric  acid 
in  220  mi  disti  cd  water.  This  solution  was  stirred  for  1 h at  room  temperature  and 
then  cooled  with  ce  and  neutralized  vvitli  50n„  sodium  hydroxide  a:  no  warmer 
that  25  . Rotarv  evaporation  to  a syrup  (volume  ~25  mi)  and  extraction  with  lour 
50-mi  portions  of  ethyl  acetate  was  followed  by  concentration  of  the  ethyl  acetate 
extract  to  of)  ml.  Compound  5 crystallized  readily  from  this  solution  on  standing, 
forming  large  white  to  transparent  crystals,  yield  “.6  g (20"„):  m.p.  92-9}  (I  isher- 
Johns);  /.^B;  5450  bn  >ad  (O-ll).  2000  (C-H),  1390  and  1380  enT1  (gem-dimethyl, 
(5-11  bending1. 

Pr  Titration  of  2.5-0-/ vimm/u  /id’ene-^-i.-xy  \o-licxuh’suric acid (6).  — Compound 
? (4  n,  18  mmol)  was  dissolved  in  150  ml  of  double-distiiled  water.  The  pll  was 
adjusted  to  .s.5  with  potassium  hydroxide  and  0.5  g of  platinum-on-carbon  i Matheson 
Coleman  and  Belli  was  added.  During  the  reaction,  the  pH  was  maintained  at  7.5  to 
8.5  with  0.5m  potassium  Imiroxide.  and  base  consumed  in  this  manner  was  recorded. 
The  reaction  temperature  was  maintained  at  t’O  . 

W hen  consumption  of  base  stopped,  the  hot  suspension  was  filtered  through 
line  !i! tor-paper,  yielding  a colorless  solution.  .No  discoloration  nor  decrease  in  yields 
were  observed  in  reactions  conducted  for  up  to  a0  h.  1 he  solution  was  evaporated 
to  25  ml.  chilled  tv)  0 . and  acidified  to  pll  with  cold,  xi  hydrochloric  acid,  extraction 
with  four  5<)  ml  portions  of  ethyl  acetate  and  evaporation  of  the  ethyi  acetate  fraction 
to  50  nil  cave  a solution  from  which  the  piodtict  ti  crystallized  on  being  kept:  yield 
2.0  e (44", ,i.  m.p.  202  204  dec.:  /^',r  ''4M).  1755  |C  Oi,  I5S0  and  1390  cm  ' 
ige/u-<limcthvl  ( -11  bending). 

ataivzof  emtivrvtoi;  ,\t  A into  4.  — A solution  ol  i.O  mi  tntluoroacetic 
■leal  in  2.0  ml  of  double-distilled  water  in  a test  tube  was  placed  m a water  bath 
.a  '5  . Nitrogen  was  bubbled  through  the  solution  for  10  nun  prior  to  and  during 
the  course  of  the  reaction  by  means  of  a Tel?  -n  tube  extending  tv)  the  bottom  < >t 
the  solution  1 mpouiid  A i IPO  tngi  was  added,  uid  it  dissolved  immediately.  During 
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reaction.  i.i  uiiuuots  were  retrun  .*.!  and  assayed  for  4 in-  titration  v-tth  2.6- 
d c.i'.oroindopnenoi. 

File  50-  . aiMu.'ts  were  added  to  !5  mi  •>!'  pi i bud'er  and  ranidiv  titrated 
•••tt  i 2.0-u  chi  ivindopbcnei.  suer  2..'  h.  the  reaction  c mpicte.  as  determined 
:n  titrat:  >n  sail  2.6-d  icii  !or<  >t  ndopnenoi  and  the  darkened  .set anon  was  enii.ed  v.uii 
i re.  i:x anoratrn  of  the  solution  to  ~n.5  mi.  follovvcu  by  addition  of  1 ml  of  water  3 

and  esaooratt'Vi.  ease  a - run  that  was  vacuum-dried  overnight  to  e mpiete  removal  t 

oft  bluer  --acetic  acta.  This  materia;  was  dissolved  in  2 ml  of  hoi  acetonitrile.  Chilling 
pr-ecioitated  4 as  a <oi;d  that  wa ■ littered  oif  and  dried:  xieid  2!  mg  (25  ' ..  m.p. 

I )" - i *■> 5 dee.:  .7',,'  3530.  '300.  1700.  1710.  ! 660  cm-1.  The  solid  from  the  dark 
aceto.t  true  solution  was  stickily  tan  in  color. 

Crude  products  thus  obtained  .sere  reervstailized  from  acetonitrile  to  yield  4 
us  a wr.iie.  nucrovrysuliine  soiid.  :n.p.  210-214  dec.:  average  y ieiu  of  recrystallized 
pr.  duct  was  2is°'. 

DISCUSSION 

The  synthesis  dc. crihed  in  this  paper  gives  u-f/)re;>-he\-2-enart'-i. 4-lactone  (41 
in  45°, , ; ieid  from  potassium  ascorbate  2-suifaie  (K.-ll.  The  preparation  of  K -- 5 
is  a direct  procedure,  giving  the  product  in  9ft". , yield  from  ascorbic  acid:  this  salt 
is  also  commerciaiiv  available  . The  synthesis  of  4 requires  only  three  step--  from  j 

ascorbic  acid,  aid  it  Is  not  necessary  to  purl;-  the  K ,-2  intermediate,  as  it  is  die  sole 
product  detected  from  the  eatalvtic  oxidation.  The  higher  yield  and  ease  of  product 
isolation  of  the  method  are  largely  t result  of  the  absence  of  an  oneuioi-iuctone, 
rii'g-.iO'Ure  steo  during  the  synthesis. 

This  procedure  is  the  first  reported  synthetic  oxidation  of  the  ide  chain  of 
ascorbic  acid.  The  difficulty  of  pertorming  any  synthetic  manipulation  on  the  side 
chain  of  ascorbic  acid  arises  from  the  presence  of  four  reactive  hydroxyl  groups 
■ hi  . It  mu  t i'e  d stinuuishcd  chenucaily,  and  from  the  lability  of  the  enedioi  to  quite 
mild  oxidizing  agents.  No  method  has  previously  been  reported  for  the  protection 
of  the  eneuioi  durina  such  a synthesis.  The  sulfation  of  ascorbic  acid  is  an  excellent 
method  for  the  protection  of  the  enedioi  ring  as:  (</)  sulfate  may  be  selectively 
introduced  at  the  2-positton.  (/»)  introduction  proceeds  in.  very  high  yield  (90°;,), 
tr)  compound  1 is  stable  to  mild  oxidation  and  to  basic  hydrolysis,  and  (,/>  sulfate  is 
readily  removed  in  excellent  yield  to  give  aqueous  solutions  of  the  modified  u-eorbate 
and  readily  precipitated  sulfate  ions. 

The  .tablin',  to  atmosphere  oxidation  imparted  to  the  enedioi  ring  by  protection 
as  I is  clearly  demonstrated  by  this  work.  In  contrast,  ascorbic  acid  itself  is  rapidly 
oxidized,  probably  to  the  unstable  dehydroascorhic  acid,  by  the  conditions  of  the 
cataiytic  oxidation.  Compound  1 stable  to  hvdrolvsis  from  pH  4-13,  although  at 
pH  4 it  is  slowly  hydroixzed  and  u pi  i 3 and  below  it  is  rapidly  hydrolyzed. 

There  are  omits  to  the  tabilitv  of  ! to  oxidizing  agents.  The  oxidative  desuifa- 
th'ti  of  I in  water  by  bromine  was  lira  observed  by  ford  and  RuolT".  The  reaction 
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Jiso  occurs  in  .V..V-dimetnv  Tormanmic  . re.umcnt  of  the  e.e-.sopropyiidene  acetal 
of  i with  ‘n-enloroper-nv  benzote  acid  and  1.' - Jiehloro-5.6-d:oyano»cn/ o quinone 
'.'.un  reported  to  result  tie  .ubnbon' 

It  is  possible  that  methods  can  no  developed  for  the  use  of  other  protecting 
croups.  fhe  total  insoiubditv  of  R.->  :n  nonpoiar  and  most  polar  solvents  is  a 
limitation  that  led  u»  to  <ce\  an  uncharged,  nonnoiar  pr-  tccting  group.  Attempts 
were  made  to  prepare  the  benzyl,  metnoxymethyl.  and  tetraitydropyranyi  ethers  of 
the  ::-,eorbate  enois.  hut  pure  products  were  not  isolated.  The  methoxymetnyi  ana 
tctranydropxranyt  ethers  should  show  acid-labile,  base-stable  properties,  similar  to  ; 

that  of  ascorbate  sulfate,  whereas  the  benzyl  ether  mi  tun  pc  stable  to  both  mild  acids  j 

and  oases.  Previously  reported  derivatives  of  ascorbic  acid  rue  not  promising  as 
protected  forms  of  the  mo.c."u:e.  I lie  .'-methyl  and  2.3-dimethvi  ethers  are  nydrolyzed 
under  rather  severe  conditions,  and  the  3-esters  are  rapidly  hydrolyzed  by  neutral 
aqueous  solutions1 !.  2-O-Acyl  esters  should  be  more  stable,  and  might  be  useful 
as  mild-acid  staple,  base-labile,  protected  forms  of  ascorbic  acid. 

T’iie  major  modification  made  in  repeating  Trcnner's  synthesis  was  the  use 
of  ?U“„  tritluoroacctic  acid  in  the  tinai  isomerization  in  place  of  the  concentrated 
hvdrochloric  acid  reported  in  the  patent.  Attempts  to  carry  out  this  conversion  with 
concentrated  hydrochloric  acid  resulted  in  decomposition  of  the  intermediate.  New 
cond. lions,  using  tnfiuoroacelie  acid,  were  developed  and  optimized  hv  monitoring  j 

the  reaction  through  titrations  with  2.6-diehloroindophenol.  The  product  was  ob- 
tained and  recrystallized  from  acetonitrile  instead  of  front  20”'  hydrochloric  acid. 

Tiie  catalytic  oxidations  were  monitored  bv  recording  the  volume  of  alkali 
required  to  maintain  the  pi;  at  N.5.  One  equivalent  of  acid  is  formed  in  the  oxidation. 

The  rates  were  inaia.lv  very  rapid,  and  then  were  followed  by  a slow  approach  to 
completion.  Heyns::  reported  that  such  complex  kinetics  are  normal  for  these 
oxidations.  The  reason  for  this  behavior  is  not  known,  but  i reversible  inhibition, 
not  poisoning,  of  the  catalyst  seems  probable.  Re-use  of  the  catalysts  in  our  reactions 
resulted  again  in  rapid,  initial  rates,  followed  by  a slow  approach  to  completion. 

The  catalysts  were  re-used  in  up  to  eight  reactions. 

Hey  ns  and  Paulsen  have  reviewed  the  selective  oxidation  of  organic  compounds1  • 
and  specifically  carbohydrates1  :,‘4  up  through  1%2.  fhe  selectivity  of  the  oxidation 
for  the  primary  hydroxyl  group  of  1 is  in  accordance  with  other  results  m the 
literature.  It  was  of  interest  to  know  whether  the  hydroxyl  group  at  C-5  could  be 
.iowlv  oxidized  to  a ketone  under  the  conditions  of  the  catalytic  oxidation.  Extended 
exposure  of  K,-2  to  the  conditions  of  the  catalytic  oxidation  resulted  in  tormation 
of  small  proportions  (5°;,)  of  a new.  u.v. -absorbing  product  detected  by  column 
ehr  'nutocraphy.  The  identity  of  the  product  is  not  known.  We  have  found  no 
report  of  the  catalytic  oxidation  of  an  x-hvdroxy  acid  to  an  -/-koto  acid,  the  most 
nearly  analogous  system  bchc  tne  conversion  of  an  x-hydroxy lactone  to  an  x- 
ketolacfone' '. 
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The  oxidation  of  ascorbic  acid  has  been  studied  by  J uni  and  ! ley  m ( 1 ), 
who  showed  that  giyoxaiaie  was  formed  slowly  in  91'?  yield.  More 
recently,  Verma  and  Grover  (2)  have  used  periodate  oxidation  of  ascorbic 
acid  to  formaldehyde  followed  by  gravimetric  assay  of  the  dimedone- 
formaldehyde  precipitate  as  the  basis  of  an  assay  procedure  for  ascorbic 
acid.  Horowitz  and  King  (3)  developed  a degradation  procedure  for  the 
osazone  of  labeled  ascorbic  acid  which  has  been  used  in  recent  years  by 
Loewus  (4). 

This  paper  is  a report  on  a study  of  periodate  oxidation  of  ascorbic 
acid  using  labeled  ascorbic  acid  to  establish  definitively  the  C,  and  C* 
degradation  products.  This  work  is  part  of  a larger  study  on  the  chemical 
nature  of  urinary  metabolites  of  ascorbic  acid. 

MATERIALS  AND  METHODS 

Chemicals.  [1-’'C] Ascorbic  acid  was  purchased  from  New  England 
Nuclear  Corporation.  16-'*C]  Ascorbic  was  synthesized  as  described  (5). 
Sodium  ("CJcarbonate  solution  was  prepared  from  standardized  barium 
(;  'CJcarbonate.  Potassium  metapenodate.  5.5-dimethyTl  ,3-cyclohcx- 
andedione  (dimedone).  and  ascorbic  acid  were  reagent  grade  materials. 

Periodate  oxidation.  A three  necked  250  ml  round  bottom  flask  was 
charged  with  ISO  ml  of  0.1  i M KIO,.  pH  S.  The  flask  was  fitted  with  a pH 
electrode,  a 60  ml  pressure  compensated  dropping  funnel,  a sweep  gas 
inlet  tube  extending  to  the  bottom  of  the  flask,  an  exit  tube  leading  to  two 
15  ml  CO.  absorption  traps,  and  a stirring  bar.  The  reaction  vessei  was 
covered  with  dark  paper  to  exclude  light,  left  at  room  temperature,  and 
swept  with  N,  at  about  two  bubbles  per  second.  The  CO:  traps  ytere 
tilled  with  ethanolamine.  A 2.5  mxt  sample  oft  -ascorbic  acid  in  20  ml  water 
was  added  from  the  funnel  by  drops  over  15  min.  The  dropping  funnel 
was  washed  with  2 x 2 ml  of  2.5  M KOH.  The  reaction  mixture  was 
stirred  for  1 hr.  The  pH  ranged  from  7.5  to  8.1.  Five  milliliters  of 
concentrated  HC1  were  added  to  the  reaction  mixture,  and  then  15  ml  of  6 

1 Supported  hv  a contract  with  T he  Surgeon  General'  , Office  of  the  T.  S.  Army. 
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m sodium  arsenite  was  added  b\  drops  user  Id  min.  After  the  veilovv 
color  disappeared  (about  it)  mini  the  sweep  was  maintained  for  i hr. 

Formaldehyde  determination  I'he  reaction  mixture  was  diluted  with 
water,  and  enough  5 m KOH  was  added  to  bring  the  final  solution  to 
pH  4.6  in  40(1  ml.  A 20  ml  aliquot  was  taken  from  the  solution  and  2 ml 
of  dimedone  solution  (Ml  mg  mi  Os'?  ethanol)  was  added.  The  solution 
stood  overnight.  The  white  precipitate  was  collected  on  a lured  sintered 
glass  tiller,  dried,  ana  weighed.  The  melting  point  of  the  dimedone 
derivative  was  101-  102.2  . 

Oxalate  determination . The  formaldehyde  filtrate  was  neutralized  with 
5 m KOH.  and  4 ml  of  0.5  \t  calcium  acetate  was  added.  T he  solution 
stood  for  I hr.  The  calcium  oxalate  precipitate  was  collected  on  a line 
sintered  glass  tiller  and  washed  with  5 ml  water.  The  filtrate  was  removed 
for  the  lot  mic  acid  determination.  The  precipitate  was  washed  w ith  2 ml  of 
4 m acetic  acid  solution  and  this  filtrate  was  discarded.  The  remaining 
precipitate  was  treated  with  6 ml  of  2 st  HCI,  tillered,  and  washed  with 
2 ml  water.  One  milliliter  of  this  solution  was  used  for  radioassay. 
The  remaining  solution  was  heated  to  60 ; and  the  oxalic  acid  was  deter- 
mined bv  titration  with  It)  1 m standard  potassium  permanganate  solution, 
using  a pink  end  point. 

Formic  acid  determination . I'he  calcium  oxalate  filtrate  was  vacuum 
distilled  to  dryness  at  34  . To  the  residue.  10  ml  water  was  added,  fol- 
lowed bv  1 1 Vi  phosphoric  acid  added  bv  drops  until  the  solution  readied 
a pH  ot  2.  The  solution  was  distilled  to  dryness  in  vacuo.  Ten  milliliters 
of  water  w as  added  to  the  residue  and  the  solution  was  distilled  to  dryness. 
The  last  step  was  repeated  once. 

The  four  distillates  were  combined  and  neutralized  with  0.1  m KOH. 
The  neutral  solution  was  concentrated  in  v acuo  to  3 ml  and  transferred 
with  15  ml  wash  water  to  a large  test  lube.  Three  milliliters  of  ' 
mercuric  chloride.  1 ml  saturated  sodium  acetate,  and  0.2  mi  4 \t  HCI 
were  added.  The  tube  was  closed  with  a stopper  containing  a N.  sweep 
inlet  tube  and  an  exit  tube  leading  to  two  15  ml  C 0_,  absorption  bubblers 
Idled  witn  ethanolamine.  The  test  tube  was  covered  with  black  tape  and 
heated  in  a boiling  water  bath  for  l hr  with  a NT  sweep  of  about  two  bubbles 
per  second.  I'he  test  tube  was  cooled  in  an  ice-water  bath  for  30  min. 
The  calomel  precipitate  was  collected,  air  dried  on  a fared  glass  filter,  and 
weighed. 

RESULTS  AND  DISCUSSION 

The  periodate  degradation  of  t -ascorbic  acid  vielded  1 mol  of  formal- 
dehyde. I mol  of  oxalate.  I mol  of  carbon  dioxide,  and  2 mol  of  formate, 
as  shown  in  Table  I.  The  products  and  their  amounts  are  consistent  with 
known  oxidation  products  of  carbohydrates  .is  described  In  Drvhurst  (6). 
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However,  the  action  of  periodate  on  tne  enediol  ring  could  not  be 
predicted  from  classical  periodate  degradation.  Hie  data  presented  below 
show  that  cleavage  of  the  molecule  undoubtedly  proceeds  as  follows; 


Analysis  of  the  degraded  products  gave  chemical  yields  as  shown  in 
Table  1 and  radioactivity  yields  as  shown  in  Table  2.  Total  radioactive 
yields  were  generally  80-9097  ot  the  labeled  ascorbic  acid  used  in  the 
reaction. 

The  dimedone  assay  for  formaldehyde  was  quantitative,  and  1 mol  of 
the  derivative  was  found  per  mol  of  ascorbic  acid.  This  product  from 
[l-1,C]ascorbic  acid  contained  %-99'T  of  the  recovered  radioactivity. 
From  [ l-HC [ascorbic  acid  only  1'T  of  the  carbon-14  was  found  in  the 
dimedone  precipitate.  These  results  show  clearly  that  the  terminal  glycol 
of  the  side  chain  is  cleaved  to  form  formaldehyde,  and  that  thiv  is  a very 
clean  reaction. 

Titrametric  oxalate  determinations  yielded  an  equivalent  amount  of 
oxalate  based  on  the  ascorbic  acid  used.  The  jb-“C  .ascorbic  acid  indicates 
that  radioactivity  contamination  of  this  product  was  less  than  l'T. 
[I-,4C  [Ascorbic  acid  degraded  with  periodate  gave  82-879?-  of  the  total 
recovered  radioactivity  in  oxalate  and  I2-I~r?  as  CO,. 

The  possibility  that  the  UC02  in  this  degradation  was  derived  from 
labeled  dehydroascorbie  acid,  a common  impurity  in  ascorbic  acid,  was 
investigated  as  follows.  Labeled  [l-"C|ascorbic  acid  was  oxidized  with 
bromine  to  dehydroascorbie  acid  by  adding  1.1  equivalents  of  Br..  at 
w hich  point  the  free  bromine  color  persisted.  1 his  product  was  immediately 
subjected  to  periodate  degradation.  The  results  were  essentially  the  same 
as  with  reduced  ascorbic  acid.  This  shows  that  dehydroascorbie  acid  was 
not  the  source  of  the  uCO>.  It  also  suggests  that  the  mechanism  of  the 
periodate  degradation  of  t he  enediol  bond  involves  an  initial  oxidation 
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of  the  ascorbate  ring  to  the  dehydroascorbic  acid.  1 he  actual  mechanism 
of  formation  of  HCO;  from  the  C,  carbon  of  ascorbate  is  not  known.  Under 
our  conditions,  oxalate  is  not  o.xidi/ed  to  C CD.  It  appears  to  he  a minor 
pathway,  probably  involving  a C,-C.  cleax age  as  an  initial  step. 

Analysis  for  formic  acid  resulted  in  a calomel  gravimetric  yield  of  ap- 
proximately 2 mol  of  formate  per  mol  of  ascorbic  acid.  The  vield  of 
formate  is  not  quantitative  in  this  distillation  procedure,  and  this,  not  the 
efficiency  of  the  periodate  degradation  itself,  is  considered  the  source  of 
the  low  value.  Both  of  the  labeled  ascorbic  acids  gave  less  than  \r'c  of  the 
initial  radioactivity  in  the  formate  fraction.  The  efficiency  of  l4C02  re- 
covery by  sweep  from  the  reaction  vessel  was  tested  and  shown  to  be 
quantitative.  One  mole  of  CO..  is  produced  per  mol  of  ascorbic  acid.  The 
CO.-  from  [('-“(  [ascorbic  acid  amounted  to  less  than  10  of  the  radio- 
activity of  the  total  sample.  The  CO.  from  ( I -"C]ascorhic  acid,  about 
151 . is  discussed  earlier  and  seems  to  be  a minor  pathway  in  degrada- 
tion of  the  enediol  ring. 

The  amount  of  periodate  consumed  pH  ~.5,  under  the  condition  used 
in  this  procedure,  was  not  measured  because  a saturated  solution  of 
potassium  metaperiodate  was  maintained  during  the  reaction  by  an  excess 
of  the  solid  KIO,.  A total  molar  ratio  of  periodate  to  ascorbic  acid  of 
8:1  was  present  in  the  initial  reaction  mixture  In  earlier  work,  monitor- 
ing of  the  periodate  degradation  of  ascorbic  acid  at  pH  4.0  b\  titration 
with  standard  thiosulfate  solution  indicated  that  5.5  mol  periodate  were 
consumed  during  the  oxidation  of  I mol  of  ascorbic  acid.  The  vield  ol 
formaldehyde,  however,  was  less  than  30U  of  that  expected  if  one 
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equivalent  of  t'ormaldehy de  had  been  formed,  possibly  resulting  from 
oxidation  of  the  tormaldehyde  under  acid  conditions.  Based  on  the  reac- 
tion products,  the  amount  of  periodate  consumed  per  mole  of  ascorbate 
is  as  follows.  One  mol  of  periodate  is  consumed  during  the  cleavage  of  ( ., 
to  formaldehyde,  changing  C5  to  an  aldehyde.  The  enedio!  system  of 
C2-C3  is  cleaved  using  2 mol  of  periodate  to  form  oxalate  from  C,  and  C2. 
This  leaves  C3  in  an  acid  form  and  a three  carbon  chain  of  3-oxo-2- 
hydroxy  propanoic  acid  from  C 3.  C,.  and  Cv  C*  is  cleaved  with  1 moi  of 
periodate  leaving  Cn,and  C,  in  the  form  of  glyoxy  late,  which  is  rapidly 
degraded  by  the  fifth  mol  of  periodate  to  (.'()■  from  C:,  and  formate  from  C •. 

SUMMARY 

The  degradation  of  ascorbic  acid  by  period  *te  has  been  studied  using 
[l-lJC]  or  [6-:4Ciascorbic  acid,  as  well  as  quantitative  yield  oi  the  various 
products.  Ascorbic  acid,  oxidized  at  pH  7.5  is  cleaved 'to  give  2 moi 
formate.  1 mol  C02.  1 mol  of  oxalate,  and  1 mol  formaldehyde.  The 
oxalate  and  formaldehyde  are  derived  from  the  1-  and  6-carbons, 
respectively.  About  \lr,'c  of  C,  is  oxidized  to  C02  by  a side  reaction. 
Dehydroascorbic  .icid  gives  the  same  degradation  products  as  ascorbic 
acid.  Detailed  procedures  for  the  degradation  are  presented. 
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other  oxidation/reduction  mol  ecu!  er.  such  as  glutathione  can  be 
shown  to  satisfy  the  role  of  ascorbic  acid  in  in  vitro  systems. 
A specific  biological  function  of  ascorbic  acid  lias  not 
been  determined. 

Little  is  known  about  ascorbic  acid  metabolism.  In  the 
guinea  pig,  G0-70L  of  the  ingested  ascorbic  acid  is  catabolized 
to  carbon  dioxide.  The  rat  catabolizes  25b  of  its  ingested 
ascorbic  acid  to  CCh,  (fi).  The  monkey  has  been  shown  to 
oxidize  ascorbic  acid  to  carbon  dioxide  when  ascorbic  acid  is 
fed  orally.  When  the  monkey  is  given  ascorbic  acid  i.v., 
no  radioactive  C0o  is  detected  (7).  Man  has  been  found  not 

L. 

to  catabolizc  ascorbic  acid  to  carbon  dioxide  after  oral  or 
intravenous  injection  (8,9).  Thus,  t ho  oxidation  of  ascorbic 
acid  to  CO.,  may  not  be  associated  with  an  essential  function 
of  ascorbic  acid  in  higher  animals  (10). 
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One  of  the  best  characterized  metabolites  of  ascorbic 
acid  is  the  formation  of  oxalate  fro:'  C-2  and  C-3  cleavage  on 


2 


ascorbate.  The  use  of  Cl  and  C-2  double  labeled  ascorbic 
acid  exp  riments  havt-  shown  that  oxalate  cones  from  carbons 
1 and  ?.  of  ascorbate  (11).  Excretion  of  oxalate  is  4-10'  of 
the  catabolic  prouocts  and  persists  during  deprivation  of 
ascorbic  acid  in  man  (12).  However,  the  four  carbon  inter- 
mediate, believed  to  be  threorotc,  after  the  cleavage 
between  C-2  and  C-3  does  not  appear  to  be  cataboliacd 
further  (13).  Additional  metabolites  have  been  found  since 
the  discovery  of  oxalate.  Ascorbate-2-sulfate  (ascorbate 
sulfate)  \/as  initially  discovered  in  brine  shrimp  cysts  by 
Head  end  Finanore  (14).  Ascorbate-2-sul fate  has  been  found  as 
a urinary  and  soft  tissue  metabolite  in  all  animals  examined, 
including  man  (IE, 1C).  Ascorbate  sulfate  is  a minor 
urinary  metabolite  comprising  about  5.  of  the  total  urinary 
ascorbate  metabolites  in  the  monkey  (17).  A 2-0-mo  thy 1 
L-ascorbate  derivative  lias  been  found  in  the  rat  (18). 

All  of  these  known  ascorbate  metabolites  comprise  only  a 
small  number  of  the  total  ascorbate  metabolites.  Major 
ascorbate  metabolites  are  believed  to  be  catabolized  from 
dehydrooscorbic  acid  . However,  no  ascorbic  acid  oxidase  has 
been  reported  in  animals.  The  structures  of  the  major 
ascorbate  metabolites  have  not  been  determined. 

Investigations  of  ascorbic  acid  metabolites  have  gen  rally 
boon  concerned  with  modifications  on  the  enodiol  ring.  Studies 
on  urinary  ascorbate  metabolites,  using  column  chromatography, 


suggest  z large  nivi<f> *:r  of  undetermined  ascorbate  metaboi ites 
exist  (17).  Then- col chrcv lalojraphs  of  ascorbic-1-  C 
and  ascorbic-G-^  C give  a similar  pattern  of  metabolites,  and 
it  is  believed  that  in  moot  metabolite-,  the  ascorbic  acid 
carbon  skeleton  remains  intact  (17).  The  number  of  these 
ascor!  ate  nctabol  itsr.  are  difficult  to  rationalize  without 
postulating  side  cl.  in  metabolism.  Recently,  Hornig  has 
proposed  a 6-carboxy  derivative  of  ascorbate  sulfate  as  a 
possible  metaboi ite  of  ascorbate  sulfate  (19).  Tolbert  has 
also  proposed  carbon-6  oxidation  as  metaboi  ites  of  ascorbic 
acid  metabolism  (1C).  In  addition,  studies  of  ascorbic 
acid  precursors  is  plants  have  led  F.  A.  Loewus  to  propose 
a biosynthetic  pathway  of  ascorbic  acid  which  requires 
epim-.-rization  of  carbon  5 (20). 

Experiments  were  designed  to  examine  the  side  chain 
metabolism  of  ascorbic  acid  using  periodate  oxidations. 
Periodate  oxidations  have  been  a favorite  analytical 
technique  for  many  carbohydrate  chemists.  Periodate  will 
cleave  1,2-diols,  1 ,2-aminoalcohol s , and  koto  compounds  in 
a predictable  manner  and  can  be  used  to  detect  deri vatization . 
This  thesis  contains  a chemical  study  of  periodate  oxidation 
on  ascorbic  acid.  Periodate  oxidation  Qf  labeled  ascorbic 
acid  has  been  developed  to  establish,  from  degradation 
proclurf  analysis,  the  mechanism  of  periodate  on  ascorbic 


of  sulfur  containing  compounds  is  not  general.  Further 
study  on  the  periodate  oxidation  of  sulfur  containing 
compounds  must  be  made  to  understand  the  reactions  and 
mechanisms  (21). 

The  predictable  mechanism  of  periodate  oxidation 
was  used  to  suggest  the  areas  of  periodate  attack  on 
ascorbic  acid.  From  the  periodate  degradation  products 
described  by  Dryhurst  (21),  ascorbic  acid  was  suggested  to 
cleave  t he  dial  side  chain  between  carbons  5 and  G.  Periodate 
was  anticipated  to  oxidize  the  enediol  lactone  ring  between 
carbons  2 and  '•>  but,  because  this  is  an  enediol  and  a very 
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labile  ring  when  partly  oxidized, 
products  could  not  be  predicted, 
was  considered  a possibility  betwe 
4 and  5 after  partial  degradation. 


the  nature  and  amount  of 
Farther  periodate  degradation 
an  carbons  3 and  4,  and 


Recently,  Verm a and  Grover  have  used  periodate  oxidation 
of  the  C-6  carbon  to  formaldehyde-  followed  by  gravimetric 
assay  of  the  dimedone-formaldehyde  derivative  as  the  basis 
of  an  assay  for  ascorbic  acid  however,  no  experimental 
procedures  were  included  (23).  Horowitz  and  King  (24) 
developed  a degradation  procedure  for  the  osazone  of 
labeled  ascorbic  acid  which  has  been  used  by  Loewus  (20). 
Periodate  oxidation  of  ascorbic  acid  has  been  studied  by 
Juni  arid  lleym  who  published  results  showing  that  ylyoxalate 
was  formed  in  91%  yield  (25).  This  result  is  in  disagreement 
with  classical  predictions. 

The  work  of  Horowitz  and  King  did  not  establish 
definitively  that  observed  products  come  from  the  C-l  and  the 
C-6  carbons  of  the  osazone  and  further,  the  osazone  could  degrade 
in  a different  way  from  ascorbic  acid  itself.  Since  previous 
periodate  oxidation  studies  on  ascorbic  acid  were  not  in 
agreement,  the  establishment  of  periodate  degradation 
products  from  ascorbic  acid  was  necessary  as  a first  step 
in  this  study. 

Materials:  Ascorbic-1 -^C  acid  was  purchased  from 
New  Lnglund  Nuclear  Corporation.  Ascorbic-6-^C  acid  was 
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flask  was  charged  with  150  ml.  of  0.11  !■!.  KIO^,  pi!  0.1. 

The  flask  was  fitted  with  a pH  electrode,  a 69  ml . pressure 


compensated  dropping  funnel,  a sweep  gas  inlet  tube  extending 
to  the  bottom  of  the  flask,  and  an  exit  tube  leading  to  two 
It  ml.  Cf>„  absorption  traps  and  a stirring  bar.  The  reaction 
vessel  was  covered  with  dark  paper  to  exclude  light  and  left 
at  room  temperature.  The  CC^  traps  were  filled  with  2-amino- 
ethanol  (ethar.olamine) . A 2.5  mM  sample  of  L-ascorbic  acid  was 
added  froia  the  funnel  by  drops  over  fifteen  minutes. 

The  reaction  mixture  was  stirred  for  one  hour.  The  pH  ranged 
from  7.5  to  8.1  with  5 M KOI!.  Five  ml.  of  concentrated  iiCl  was 


added  to  the  reaction  mixture  and  then  15  ml.  of  6 M. 


sodium  arsenitc  was  added  by  drops  over  ten  minutes.  After  the 
yellow  color  disappeared,  a nitrogen  sweep  of  the  vessel  at  a 
rate  of  2 bubbles/second  was  maintained  for  one  hour. 

Forma  Id  hyde  Determinat ion:  The  reaction  mixture  was  diluted 
with  water  and  enough  5 M.  KOI!  was  added  to  bring  the  final 
solution  to  [ill  4.6  in  400  ml.  A 20  ml.  aliquot  was  taken  from 
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the  solution  end  2 ml , of  5 
(c! i; v.. clone)  solution  (80  i./j., 


dimethyl -1 , 3-cyc  1 ohexa  nodi  one 
. 95"  ethanol)  was  added. 


The  solution  stood  overnight, 
collected  on  a tarod  sintered 


The  white  precipitate  was 
glass  filter,  dried,  and  weighed. 


The  i-el ting  point  of  the  dinedone  derivative  was  191-192. 5°C. 

0 x a 1 a t >_*  Pete rn  1 n a t i o n : The  formaldehyde  filtrate  was 
neutralized  with  5 II.  KOH  and  4 ml.  of  0.5  M.  calcium  acetate  was 
added.  The  solution  stood  for  one  hour.  The  calcium  oxalate 
precipitate  was  collected  on  a fine  sintered  glass  filter  and 
washed  with  5 ml.  of  water.  The  filtrate  was  removed  for  the 
formic  acid  determination.  The  precipitate  was  washed  with 
2 ml.  of  4 M.  acetic  acid  solution  and  the  filtrate  was  discarded. 
The  remaining  precipitate  was  treated  with  6 ml.  of  2 K.  HC1 , 
filtered,  and  washed  with  2 ml.  water.  One  ml.  of  this  solution 

was  used  for  radioassay.  The  remaining  solution  was  heated  to 

o -3 

60  and  the  oxalic  acid  was  determined  by  titration  with  10  M. 

standard  potassium  permanganate  solution  using  a pink  endpoint. 

Formic  Acid  Determination:  The  oxalate  filtrate  was  vacuum 
distilled  to  dryness  at  34°C.  To  the  residue,  10  ml.  of  water 
was  added,  followed  by  10T  phosphoric  acid  added  by  drops 
until  the  solution  reached  a pH  cf  2.  The  solution  was  distilled 
to  dryness  in  vacuo.  Ten  ml.  of  water  was  added  to  the  residue 
and  the  solution  was  distilled  to  dryness.  The  last  step  was 
repeated  once. 
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The-  four  die-  mutes  wore  combined  and  neutralized  with 
0.1  M.  KC!I.  The  neutral  solution  was  c.  .ncent rated  in  vacuo  to 
3 ml.  red  transferred  with  lu  ml.  wash  water  to  a large  test 


tub  . 

Thrt 

e ml . 

of  7 

mercuric 

chi  or  :d 

- » 

1 m 

i . of  s 

aturat 

ed 

sod  i t 

,.i  acet 

ate, 

and 

.2  ml . of 

4 M.  HC1 

V/ 

ere 

ad  . . - : . 

The  t 

ub 

was  c 

1 osed 

with 

a stc 

poor  co.  v. 

ining  an 

[j 

2 c>vj 

eep  ini 

et  tub 

e 

and  a 

n exit 

tube 

lead 

'ing  to  . . o 

15  ml . 

CO 

2 flb 

SC  rptio 

n trap 

fillc 

d with 

0 1 1 1 : 

no!  am 

ine.  The 

test  tub 

n 

W3S 

cov.‘  i od 

nth 

black 

ta  pc- 

and  h 

rated 

in  a bo i 1 

ing  wate 

r 

bath 

O 

o 

13 

e hour 

with 

an  tb, 

L 

sweep 

of  a 

bout  2 bub 

bles/sec 

on 

d. 

The  te; 

t tube 

was  coaled  in  an  ice  bath  for  thirty  minutes.  The  calomel 
precipitate  was  collected,  air  dried  on  a tared  glass  fil'er 
and  v."  ighed.  The  reaction  of  mercuric  chloride  with  formic 
acid  to  form  mercurous  chloride  liberates  carbon  dioxide 
os  shown: 

2 HgCl  2 + HCOOli ->  lig^Ci  2 i-  2 HC1  + C02 

Results  and  Discussion:  Tiie  periodate  degradation  of 
L -ascorbic  acid  yielded  one  mole  of  formaldehyde,  one  mole 
of  oxo la  . c , one  mole  of  carbon  dioxide,  and  two  moles  of 
formate  as  shown  in  Table  I.  The  products  and  their  amounts 
are  consistent  with  hiown  oxidation  products  of  carbohydrates 
as  described  by  Dryhurst  (21).  However,  the  action  of 
periodate  on  the  onediol  could  not  be  predicted  from  classical 
periodate  degradation.  These  data  show  that  cleavage  of  the 
molecule  undoubtedly  proceeds  as  follows: 


/j  ^ ,/Tr 


Formate 


°<V. 


Formate 


ciuoii 


Oil  ) l CM  ^ — _J; Formal dc-hyde 

Oxalate  <r y ^ C02 

Analysis  of  the  degraded  products  gave  chemical  yield? 
as  i id  Table  I aid  radioactivity  yie-1  ns  as  shown  in 
Table  II.  Total  radioactive  yield:  were  generally  80-90'. 
of  the  labeled  ascorbic  acid  used  in  the  reaction. 

The  dime-done  assay  for  formaldehyde  was  quantitative,  and 
one  mole  of  the  derivative  was  found  per  mole  of  ascorbic 

1 ^ 

acid.  The  product  from  ascorbic-6-  C acid  contained 

1 4 

96-990  of  the  recovered  radioactivity.  From  ascorbic-1-  C 
acid,  only  1?'  of  the  carbon-14  was  found  in  the  dimedone 
precipitate.  The  results  clearly  show  that  the  terminal 
glycol  of  the  side  chain  is  cleaved  to  form  formaldehyde 
and  this  particular  side  chain  oxidation  is  a very  clean 


Ti tram? trie  oxalate  determinations  yielded  an  equivalent 
amount  of  oxalate  based  on  the  ascorbic  acid  used. 

Tfie  ascorbic-6-^  C acid  indicates  that  radioactivi ty 

1 4 

contamination  of  this  product  was  less  than  V . Ascorbic-1-  C 
acid  degradation  gave  82-87  ' of  the  total  recovered  radio- 
activity in  oxalate  and  12-178  as  CO^ 

1 /! 

The  possibility  that  the  CO,,  in  this  degradation  was 
derived  from  lube!  ■!  dehydroascorbic  acid,  a common  impurity 


n 


in  ascorbic  ac.idv  wan  investigated  as  follows.  Labeled 

1 f 

ascor.j ' .-1  - 1 *C  acid  was  oxidized  with  bromine  lo  detoydn;- 
ascorbic  •••::,!  by  add  i j 1.1  i/-  ; .vo lento  of  Br.,  at  v. i ii c: h point 
the  fr  .• : i ::c  color  persisted.  The  product  was  invipdirtely 
subjected  to  periodate  degradation.  The  results  were 
essentially  its  sa  e as  with  reduce  . ascorbic  acid.  This  shows 

, . . . 14 

that  dchyeroascorbic  acid  was  not  the  CO*  source.  It  also 

u 

suggests  that  the  period -He  degradation  mechanic::  an  the 
ened'b-l  Ion i involves  an  initial  oxidation  of  the  ascorbate 

ring  to  the  dehydrccscorbic  acid.  The  actual  mechanism 

1 4 

of  ror ■';> Lion  of  CO^  from  the  C-l  carbon  of  ascorbate  is 
not  known.  Under  t be  reaction  conditions,  oxalate  is  not 
oxidized  to  CO^.  It  appears  to  be  a minor  pathway  probably 
resulting  from  cleavage  as  the  initial  step. 

Analysis  for  formic  acid  resulted  in  a calomel  gravimetric 
yield  of  approximately  two  moles  of  formate  per  mole  of 
ascorbic  acid.  The  yield  is  not  quantitative  in  the 
distillation  procedure  end  this,  not  the  efficiency  of 
the  periodate  degradation  itself  is  considered  the  source 
of  the  low  value.  Both  of  the  labeled  ascorbic  acids  gave 
less  than  1 : of  the  initial  radioactivity  in  the  formate 

fraction.  The  efficiency  of  the  absorption  traps 

1 4 

was  tested  using  barium-  C-carbonate  and  shown  to  be 
quantitative. 
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Ascor  ■ t -6  - C sul  fate  was  degraded  with  periodate. 

Tirol  e II  shows  that  ti.  ■ results  are  the  same  for  the  degraded 

14 

products  as  found  wi th  ascorbic-6-  C acid.  This  indicates 
that  side  chain  oxidation  with  periodate  does  not  appear  to 
be  affected  by  derivatization  on  the  cnediol  lactone  ring. 

The  amount  of  periodate  consumed  at  pH  7.5  under  the 
conditions  described  in  the  experiment  was  not  measured 
because  a saturated  solution  of  the  potassium  metaperiodate 
was  maintained  during  the  reaction  by  an  excess  of  the  RIO* 

A total  molar  ratio  of  periodate  to  ascorbic  acid  of  3:1  was  present 

In  the  initial  reaction  mixture.  In  earlier  work,  monitoring  of  the 

periodate  degradations  of  ascorbic  acid  at  pH  4.0  by 

titration  with  standard  thiosulfate  solution  indicated 

5.5  moles  of  periodate  were  consumed  during  the  oxidation  of 

one  mole  of  ascorbic  acid.  The  yield  of  formaldehyde, 

however,  was  loss  than  30.'  of  that  expected  if  one  equivalent 

of  formaldehyde  had  been  formed,  possibly  resulting  from 

oxidation  of  the  formaldehyde  under  acid  conditions.  Based  on 
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t ho  reaction  products,  the  amount  of  periodate  consumed  per 
mole  of  ascorbate  is  as  follows:  One  mole  of  periodate  is 
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PART  II 


CKO!  I CAP  P'ATURP  DP  URINARY  Mi  TABOl  ITES  OF  ACORBIC  ACID  IM  RATS: 

1 •' 

A rat  was  given  ascori;  ic-6-  C ac  is.;  and  the  urinary 
ascorbate  metabolites  were  (./.ami  nod  by  periodate  degradation. 
Determination  of  tire  nature:  of  the  ascor!  it  side  chain  was 
the  primary  interest.  Periodate  ox ic  .lion  of  ascorbic  acid 

•J  * 

and  all  metabolites  with  an  intact  -CKQ1!- 1 'CH,,0H  should  yield 

<L 

■j  A 

fc'-  'aldehyde-  4C,  as  demonstrated  in  part  1 of  this  thesis. 

If  the  side  chain  is  chemically  altered,  either  by  deri validation 
or  oxida ti on/reduction , it  will  not  yield  labeled  formaldehyde. 
The  urinary  ascorbate  metabolites  from  the  labeled  rat  were 
degraded  with  periodate.  These  urinary  ascorbate  metabolites 
were  alee  partly  separated  by  column  chromatography  and 
the  separated  peaks  were  periodate  degraded. 

Animal  Procedures : A 330  g.  Long-Evans  Hooded  rat  was 
given  subcutaneously  33.2  rCuries,  10.2  mg.  of  ascorbic-6- ’ (C 
acid  in  0.75  ml.  of  sterile  saline.  The  rat  was  fed  a normal 
diet  and  its  daily  urine  excretion  was  collected  and  filtered 
with  washing  through  Whatman  :M2  filter  paper  using  a 
Buchner  funnel  to  separate  the  feces.  The  total  volume 
of  urine  and  washings  was  measured  and  one  ml.  was  used  for 
radioactivity  assay  by  a liquid  scintillation  counter. 

The  total  carbon-ld  per  day  was  determined  and  the  remaining 
urine  was  frozen  and  stored  for  later  analysis. 


Por.i nda tc  Den rad?. t.ien  of  V'hole  Urine:  Five  to  eight  ml. 
aliquot’;  of  the  daily  urine  samples  were  ul  traf  iHori-d  lining 
a UM-2  d inflow  membrane  (excludes  ' .eater  than  2000  !■>.-')  in  an 
Silicon  stirring  cell  under  a nitrogen  pressure  of  43  p.s.i. 

A one  ml.  srunpl e was  assayed  for  radioactivity.  2.5  i of 
L-ascorbic  acid  was  added  to  the  urine  sampl r as  a carrier 
and  the  solution  was  degraded  with  periodate  as  described 
in  part  I.  After  the  quenching  of  the  reaction  mixture  and 
the  completion  of  the  if.  sweep,  as  described  in  part  I,  the 
solution  was  brought  to  a total  volume  of  400  ril . at  pH  ‘1.6. 
The  solution  was  gravity  filtered  through  Uhatwan  -;1 
filter  paper  and  a 20  ml.  aliquot  was  removed.  Two  ml.  of 
dimedone  solution  was  added  to  the  aliquot  and  the  solution 
was  allowed  to  stand  overnight.  The  diinedone-formaldehyde 
precipitate  was  collected  on  a sintered  glass  filter  as 
described  in  part  I.  The  precipitate  was  dried  and  assayed 
for  radioactivity  with  a liquid  scintillation  counter. 

The  radioactivity  recovered  in  the  dimedone-formaldehyde 
precipitate  was  compared  to  the  radioactivity  of  the  urine 


amp! e. 


Df/f'-T?  Column  f.liromatonraphy : Four  to  six  ml. 
aliquots  were  ultrafiltered  through  a UM-2  membrane  using 
an  Amicon  stirring  cell  under  48  p.s.i.  of  nitrogen. 

The  filtered  urine  samples  were  concentrated  under  a stream 
of  nitrogen  to  1.5  ml.  at  37°C.  A DE.AF-32  column  (1  x 30  cm.) 


Vi 3 s prepared  and  a pressure  head  was  pregeneratoc!  on  the 


coin,  until  a si  hie  fin,:  rate  of  0.75  ml. /min.  wt 


rain!:,  i:  *d.  The  sample 
gradient  I (G.O.'T-O.CC9 
irriodia  cely  after  the  s 


las  1 reo  on  the  column  and 
!1.  H.,50  . 75  ml.  each)  was  applied 

i-  •* 

mole.  The  column  effluent  v/as  nun 


thro  u . * : 


roll  of  an  Isco  UA-'1  absorbance  monitor 


at  254  nanometers.  Five  mini  _•  collections  were  generally 
made  during  the  running  of  gradient  I and  ten  minute  coll cc tic 
were  made  when  the  additional  gradients  were  applied.  At  the 
end  of  gradient  I,  0.009  ii.  H^Q  was  applied  to  the  column 
until  an  ascorbate-2-sulfatc  peak  was  eluted. 

A Strip  gradient  (0.009  H.  t^SO^.  - 0.02  IT  H^SO^,  plus 
0.2  Ii  lla^SO.  , 50  ml.  each)  followed  and  tiiis  gradient 
eluted  the  remaining  radioactive  peaks.  One  ml . from 
each  fraction  was  aliquoted  and  assayed  for  radioactivity. 

The  remaining  eluent  in  each  Fraction  was  neutralized 
with  0.5  M.  KOH  and  stored  frozen  at  -20°C.  The  radio- 


activity assay  of  each  fraction  was  graphed  as  the  DPM  per 
fraction  versus  fraction  number  on  semi -leg  paper. 

Periodate  Degradation  of  Peaks:  The  fractions  containing 
radioactivity  peaks  wore  pooled  and  one  ml.  of  the  pooled 
fraction  was  assayed  for  radioactivity.  The  remainder  of  the 
peak  was  used  for  periodate  degradation,  first  *1 1 0 mg.  of 
L-ascorbic  acid  was  added.  The  peak  was  treated 
with  0.11  M.  saturated  solution  of  potassium  periodate 
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the  urine  per  day  versus  time  for  the  rat  is  shewn  in 
Figure  I.  The  halt-life  for  the  ascorbic-5- 1 ‘"fC  in  the  rat 
was  2.0  days.  This  result  is  consistent  with  previously 
determined  half-1  if os  for  ascorbic  acid  in  rats. 

The  results  of  periodate  degraded  whole  urine  samples 
from  days  2.  9,  lo,  and  23  are  reported  in  Table  III. 

These  results  are  given  as  the  percentage  of  radioactivity 
recovered  in  the  d imedone-f  or;na 1 dclvydo  precipitate  compared 
to  the  total  radioactivity  of  the  urine  sample. 

A DEAE-32  column  chromatograph  of  day  one  rat  urine  is 
shown  in  Figure  II.  The  strip  peak  fractions,  which  appear 
after  application  of  the  Strip  gradient,  were  pooled  and 
degraded  with  periodate.  Analysis  for  radioactivity  of  the 
degraded  products  is  given  in  Table  IV.  A second  DFAF-32 
column  chromatograph  of  day  one  rat  urine  is  shown  in 
Figure  III.  The  peak  designated  as  peak  II  was  pooled  and 
treated  with  perioc'a'c.  The  distribution  of  radioactivity 
among  the  products  is  reported  in  Tabic  IV.  DEAE-32  column 
chromatography  of  day  three  rat  urine  was  made  using  a 
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To 

moJifi'  ! gradient  I.  Gradient  I (0.000  to  0.00?  H.  ILSO,, 

C 

75  nl.  each)  was  used  to  improve  resolution  on  the  region 
containing  the  weak  acids.  The  elution  pattern  (Figure  IV) 
resulted  in  separation  of  some  of  the  weak  acid  compounds. 

The  neutral  peak  (fractions  4 and  5)  was  treated  with  periodate 
Analysis  of  periodate  degraded  pi oducts  vron  the  neutral  peak 
are  reported  in  Table  IV.  The  weak  acid  peak  (fraction  9 
through  14)  was  degraded  with  periodate  and  radioactivity 
analysis  of  the  products  is  given  in  Table  IV.  A final 
DEAE-32  column  chromatograph  of  day  two  urine  (Figure  V) 
resolved  six  peaks  of  radioactivity.  The  neutral  pea!;, 
the  weak  acid  peak,  peak  I (fractions  21-25),  and  peak  II 
were  pooled  separately  arid  periodate  degraded.  The  analysis 
of  the  degraded  products  from  these  peaks  is  given  in  Table  V. 
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PART  III 


iiCA!  mm:  oe  uRipapy  metabolites  of  ascorbic 


An  expert  ueiv 
was  made  on  a ; otv 


analogous  to  the  labeling  of  the  rat 
ey  in,  a cooperative  study  with  the 


Letter:’, an  Army  Institute  of  Research,  Presidio  of 
San  Fr.nc.isco.  Experimental  results  from  monkeys  are 
particularly  interesting  because  they  can  be  extrapolated 
to  man.  The  ascorbic  acid  requirement  for  primates  ha s 
been  shown  to  be  analogous  to  man's  requirement  (7). 

Primate  ascorbic  acid  metabolism  appears  to  be  similar 
to  the  metabolism  of  man.  Both  monkey  and  man  have  been 
found  to  maintain  a pool  of  ascorbate  and  the  turnover  time 
for  ascorbic  acid  in  both  species  is  similar. 

Experimental  Procedure:  A 3 kg.  macaque  monkey  was 
given  i.v.  65.3  pCuries,  25  mg.  of  ascorbic-G-^C  acid  and 
the  twenty-four  hour  urines  were  collected,  assayed  for 
radioactivity  and  frozen.  The  monkey  was  fed  a commercial 
monkey  chow  diet  ad  lib  which  supplied  about  300  mg.  of 
ascorbic  acid  per  day.  Two-thirds  of  each  urine  was  shipped 
frozen  in  dry  ice  from  Lettorman  Army  Institute  of  Research 
to  the  University  of  Colorado,  Boulder  laboratory  and  stored 
in  a deep  freeze  until  analysis  was  made.  The  urines  were 


assayed  for  carbon-14  radioactivity  and  the  twenty-four 
hour  excretions  of  carbon-14  were  determined. 
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Periodate  [tv/rada  l ion  of  '..'hole  Prince;  five  to  eight  ml. 
samples  of  urine  wore  prepared  for  per ic date  degradation  as 
described  in  part  II.  The  samples  were  degraded  with  peri  ode  c 
as  described  in  part  I.  Following  termination  of  periodate 
degradation  and  collection  of  carbon  dioxide,  the  solution 
was  brought  to  a total  volume  of  400  i.il . at  pi!  -.6.  A 20  ml. 
aliquot  was  removed  and  2 ml.  of  the  dinedone  solution 
(described  in  part  I)  was  added.  The  dimedone-formaldchyde 
precipitate  was  collected  and  assayed  for  radioactivity. 

DFAF-32  Column  Chroma tography : A five  ml.  aliquot  of 
day  one  monkey  urine  was  prepared  by  the  method  described  in 
part  II.  The  urine  sample  was  concentrated  to  one  ml.  under 
a stream  of  nitrogen  at  37°C.  The  one  ml.  of  sample  was 
layered  on  a DEAE-32  column  (1  x 30  cm.)  and  the  resolution 
of  ascorbate  metabolites  was  made  using  the  gradients 
describ/J  in  part  II.  One  ml.  aliquots  of  the  collected 
fractions  were  assayed  for  radioactovity  and  the  remaining 
eluents  were  neutralized  by  the  method  indicated  in  part  II. 

The  DP M per  fraction  versus  fraction  number  was  graphed  on 
semi-log  paper. 

Periodate  Degradation  of  Peaks:  The  fractions  containing 
radioactivity  peaks  were  pooled  and  treated  as  described  in 
part  II.  440  mg.  of  l -ascorbic  acid  was  added  to  the  pooled 
peak  prior  to  periodate  degradation  as  described  in  part  II. 
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Romm  is  : A graph  of  the  total  carbon- 14  per  day  versus 
time  is  shown  in  Figure  VI.  The  turnover  time  for  the 
ascorbic-6- '“C  in  the  monkey  was  20  days. 

Whole  urine  samples  from  twenty-four  ".our  collections 
of  days  1,  6,  29,  29,  41,  43,  and  57  were  degraded  with 
periodate.  The  percentage  of  recovered  radioactivity  in 
the  diliiedono-for.naldehyde  precipitate  to  the  sample  radioactivity 
is  given  in  Table  VI. 

The  DEAE-32  column  chromatography  of  day  one  monkey  urine 
is  given  in  Figure  VII.  The  neutral  peak  (fractions  8-10),  the 
weak  acid  peak  (fractions  14-21),  the  ascorbate  sulfate  peak 
(fractions  45-47),  and  a pooled  strip  peak  were  degrade  with 
periodate.  The  results  of  the  degraded  products  c.arbon-14 
analysis  are  reported  in  Table  VII. 
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[’ART  IV 

DISCUTTIV:  CP  R!  j ' V._S: 

Ba!.-.r  l;cts  shown  that  r an  does  not  catabol  izc 

a sc.o 


ri..stc-1-^C  to  ‘ ’CO^  (G*0) . A similar  study  on  macaque 


r:  n!:  ys  lias  shown  that  when  monkeys  were  orally  ad-,  ini  stored 

1 L 1 /|  1 C\ 

ar-cc-i a ic-1-  C,  escorbate-1  • ' C suite. to,  and  ascoroic-6-  C, 
they  released  significant  amounts  of  ^CO-  in  their  breath  (7). 
Wheti  a'-corbic-l-  C,  ascorbate-1 - C sulfate,  and  ascorbie-o-  t 
were  given  i.v.  to  the  monkeys,  no  radioactive  carbon  dioxide 
was  detected  in  their  breath.  The  feces  from  the  monkeys 
contained  negligible  radioactivity  (23).  In  both  man  and 
monkeys  given  i.v.  ascorbic-^  the  urine  is  the  major 
excretion  path  and  contains  the  major  ascorbic  acid  metabolites. 

Periodate  degradation  of  rat  and  monkey  whole  urines 
(Tables  III  and  VI)  show  557  of  the  ascorbate  urinary 
metabolites  retain  the  primary  hydroxyl  group  at  carbon  6. 

The  5fw  recovery  of  formal dchyde-^C  suggests  ascorbate  side 
chain  modification  for  the  remaining  457.  The  modified 
structures  of  the  ascorbate  side  chain  cannot  be 
elucidated  from  the  degradation  product  analysis  list'd  with 
periodate.  Periodate  degradation  of  the  ascorbate  side 
chain  can  be  used  effectively,  if  the  side  chain  structure 
is  a diol  or  koto  derivative.  Periodate  will  also  degrade 
amine  or  thio  derivatives  in  a manner  analogous  to  the 
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oxygon  derivatives  (21).  If  the  ascorbate  side  chain 
has  been  es verified,  alkoxy  substituted,  or  reduced,  periodate 
will  not  degrade  tin-  side  chain.  From  the  data  in  Tables  III 
and  VI,  possible  ascorbate  metabolites  could  include 
reduction  at  either  coi hems  5 or  6 or  both,  alkoxy  substitution 
on  carbon  . 5 or  G would  net  allow  periodate  to  cleave  the 
ascorbate  side  chain.  The  side  chain  could  he  esteri fieri. 
Carbon  6 could  form  the  acid  or  aldehyde  or  deoxy  derivative. 
Also,  amine  and  thio  tier i valuation  could  be  possible 
structural  modifications  on  the  ascorbate  side  chain  that 
would  not  degrade  with  periodate.  Further  possible  side 
chain  modifications  include  reduction  of  cat:cn  5.  All  of 
these  ascorbate  side  chain  derivatives  could  result  in  552 
recovery  of  formaldehyde-  'C  when  the  urines  are  treated 
with  peri r date. 

A DFAF-32  cellulose  column  was  used  to  resolve  six  major 
radioactive  peaks  from  rat  urine  and  four  major  radioactive 
ascorbate  peaks  from  monkey  urine  (Figures  V and  VII). 

They  are  called  in  order  of  elution:  neutral  peak,  weak  acid 
peak,  peak  I,  peak  II,  ascorbate  sulfate  peak,  and  strip  peak  I 
The  peaks  were  separated  using  dilute  sulfuric  acid  gradients 
as  described  iri  parts  II  and  III.  It  is  not  known  whether 
these  peaks  represent  single  compounds  or  mixtures  of 
labeled  products  but,  the  number,  shape  and  limited  resolving 
power  of  the  column  would  suggest  that  many  of  them  are 


mixtures  of  compounds. 

The  resolution  of  four  major  radioactive  ascorbate  peaks 
fro;.i  ih?  monkey  urine  conflicts  with  the  results  cf  knight  (17) 
Knight  had  shown  in  the  monkey  that  six  major  radioactive 
ascorbate-  p .-a.ks  were  separated  from  the  urine  of  a monkey 

14  ] j 

given  either  ascorL-i  :-l-  C or  ascorbic-  C-  C (17). 

This  suggested  an  intact  ascorbate  structure  for  all  the 
major  metabolites.  In  this  study  only  four  major  peaks  were 
in  urine  from  ascorbic-6-^C  acid,  see  Figure  VII.  Peaks  I 
and  II  are  not  present.  A careful  examination  of  the 
experimental  conditions  suggest  an  explanation.  At  the  time 
of  Knight's  work,  the  long  turnover  time  of  ascorbic  acid 
in  the  monkey  was  net  known.  In  Knight's  experiment,  the 

nonkey  used  had  been  given  ascorbic-1-^  C acid  only  sixty 

1 4 

days  prior  to  the  i.v.  administration  of  ascorbic-G-  C. 

The  ascorbic  acid  turnover  time  in  the  monkey  is  twenty 
days.  This  permits  only  three  half-1 ifes  prior  to  the 
administration  of  trie  ascorbic-6-  ^C.  Peaks  I and  II 
observed  by  Knight  are  believed  to  be  a result  of 
ascorbate-1-  metabolite  contamination.  The  current 
separation  suggests  peaks  I and  II  lose  the  C.-6  carbon 
suggesting  ascorbate  side  chain  oxidation  and  decarboxylation 
in  the  monkey. 

The  rat  did  not  show  this  loss  of  peaks  I and  II. 

The  rat  urine  was  usually  separated  into  six  major  radioactive 


J 


total  (Tables  IV  and  V).  Tho  radioactive  analysis  of  oxalate, 


20 


formate,  and  carbon  dioxide  did  not  r mover  all  of  the 


radioactivity  found  in  the  solution.  Only  F,  more  of 
t!<  total  carbon  14  was  found  in  those  three  degradation 
products.  The  structures  of  the  compounds  in  this  peak 
are  believed  to  contain  ascorbate  side  chain  modifications, 
ascorbate  eiwdiol  lactone  rina  derivatizations , and  excess 


Peak  I from  the  rat  urine  DEAE-32  column  (Figure  V,  Table  V) 

was  degraded  with  periodate  and  resulted  in  a quantitative 

1 ^ 

recovery  of  formaldehyde-  C.  The  ascorbate  side  chain  is 
intact  and  modifications  are  probably  on  th«  ascorbate 
enediol  lactone  ring. 

Peak  II  (figures  III  and  V)  gave  anomalous  results  when 
periodate  degraded.  In  Figure  III,  the  day  one  urine 
resolution  followed  with  periodate  degradation  of  peak  II 
recovered  14F  of  the  radioactivity  as  formaldehyde-"' 

(Table  IV).  The  day  two  urine  separation  and  periodate 
treatment  (Figure  V,  Table  V)  recovered  71»  of  the  radio- 
activity as  formal dchyde-'^C.  The  reason  for  this 
inconsistency  is  not  known.  Peak  II  is  known  to  vary  in 
shape  and  magnitude  and  perhaps  different  ascorbate  metabolites 
are  present. 

The  strip  peak  (Figure  II,  Table  IV)  was  degraded  with 
periodate  and  gave  as  products;  20.1  formaldehyde-"'1^, 

71b  oxalate-  C,  and  Oil  formate-' ‘'c.  The  strip  peak  could 


Asco;  ! ■ xj. f:  S,  i - 'o  Choi _m 
-CI!0!!-14Ci!20H 


Periodate  D on  Product 

ll14CI!C) 


-8-14cii2o:' 


H 'CHO 


-CHO!l-14Ci!0 


14 

H COOH 


-?-14cooh 


'ooc-14coo' 


-CH0H-14C0011 


ohc-74coo' 


Although  this  last  periodate  degradation  product, 
glyoxalate,  has  net  been  conclusively  demonstrated, 
preliminary  work  ha,  shown  a radioactive  periodate  degradation 
product  which  is  believed  to  be  glyoxalate.  Glyoxalate  can 
be  obtained  from  the  ascorbate  side  chain  if  carbon  6 lias 
been  oxidized  to  the  acid  with  carbon  5 remaining  intact. 
Periodate  will  not  cleave  a-hydroxyacids  and  thus  glyoxalate 
is  the  periodate  degradation  product. 

Tlie  DCAE-32  column  separation  of  the  macaque  monkey 
uriii  ■ samples  was  discussed  earlier.  Periodate  degradation 
of  Ll;e  neutral  peak  (figure  VII,  Table  VII)  gave  a 


( 


29 


c 


V. 


AC" 

‘rw/ 

forr ' 

.ldehyde-14 

C rec 

every . 

The  ot 

her  c. 

nalyoed 

proJu 

ct 

She 

wed  iv 

) rad ioacti 

v i ty . 

This 

inuicat 

es  tl: 

e 

ascor 

bate  s 

"id 

chain  is 

modified  a 

nd  pe 

r iodate 

will  c 

1 cave 

die  si 

do  cha 

in 

in 

a mam 

ter  that  pr 

esc  n t 

a n a 1 y , 

i w i 1 1 

not 

i : 

iolatc 

the 

rad 

ioacti 

ivc  degroda 

tion 

product 

. The 

i ' i 1 

lV 

lete  r 

©cover 

of 

ca i b o : 

l - 14  i r.u  i ca 

tes  t 

lie  neut 

ral  pea 

k i s 

a 

mi  ntu 

re  of 

at 

1 east 

two  c onroou 

IldS  . 

Tiie  weak  acid  peak  from  the  monkey  gave  a 70'. 
formaldehyde-  C recovery  (Table  VII).  The  recovery  is 
not  quantitative  and  implies  that  the  weak  acid  peak  also 
contains  a mixture  of  compounds.  The  neutral  and  weak  acid 
peaks  contain  the  major  ascorbate  metabolites  of  the  monkey. 
These  periodate  results  seem  to  be  in  agreement  with 
periodate  degradations  on  the  whole  urine.  The  absence  of 
peaks  I and  II  in  the  monkey  indicates  less  of  the  C-6 
carbon  as  mentioned  earlier  in  these  metabolites. 

The  ascorbate  sulfate  peak  was  treated  with  periodate. 
The  results  from  the  degradation  of  this  peak  indicate 
the  ascorbate  sulfate  peak  is  not  a single  compound. 

The  oxalato-^C  recovery  from  degradation  with  periodate 
suggests  the  presence  of  an  ascorbate  side  chain  metabolite 
containing  an  a-ketoccid  (Table  VII).  This  oxalate-"*  l*C 
recovery  is  analogous  to  periodate  degradation  of  the 
strip  peak  from  the  rat. 


The  strip  peak  from  the  monkey  urine  degrades  as 
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form: 

aid  :iiydo-14C  (Table  VII),  ’ 

which  indicates  the  a seen 

■bate 

side 

chain  is  not  modified. 

Period  vc 2 degradations  of  the  DEAfT-32  column  ports 
indicate  some  of  the  ascorbate  metabolites  contain  side 
chair  modifications  which  are  not  analyzed  by  the  present 
methods.  The  exal'Vto-^C  recovery  suggests  that  an  u-ketoacid 
ascorbate  side  chain  is  a catabolic  product  of  ascorbate 
metabolism.  The  structures  of  the  major  ascorbate  metabolites 
have  not  been  elucidated. 

The  data  frc:.i  periodate  degradations  of  whole  urines  and 
DEAE-32  column  resolved  peaks  suggest  the  ascorbate  side 
chain  is  extensively  modified  during  catabolism.  It  cannot  be 
determined  from  periodate  degradation  data  alone  if  the 
ascorbate  side  chain  is  in  part  reduced  as  well  as  oxidized. 

A recent  study  of  ascorbate  urinary  metabolites  from  a 
monkey  given  i.v.  ascorbic-b-'3!)  has  provided  data  which 
indicates  the  ascorbate  side  chain  is  oxidized  during 
catabolism  (29).  The  labeling  experiment  (macaque  monkey  i.v., 
253  uCi . , 50  mg.  nscorbic-G-^ll)  has  shown  that  43'  of  the 
tritium  is  excreted  as  water.  Twenty-four  hour  urine  samples 

3 

were  collected  from  the  ascorbic-6-  H labeled  monkey. 

3 

The  tritium  found  as  II^O  was  measured  in  addition  to  the 
total  urine  radioactivity  and.  the  ascorbate  metabolites. 

3 

The  rate  of  H^O  formation  is  equivalent  to  the  rate  of 

3 

organic  ascorbate  metabolite  excretion.  The  H^O  was  shown 
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circur  ting  ascorbic  acid  pool  primarily  located  in 

the  blood  and  a long  turnover  ascorbate  pool.  If  this 

circulating  ascorbate  pool  slowly  exchanges  with  the  long 

turnover  ascorbate  pool,  the  rate  of  labeling  time  slow 

1.1 

exchang  ing  ascorbate  pool  with  ascorbic-6-  C would  be 
equal  to  the  rate  of  ascorbate  depletion  from  this  pool. 

In  the  case  of  the  rat,  this  slow  exchanging  pool  will 

14 

not  be  saturated  with  ascorbic-6-  C until  the  synthesized 
ascorbate  has  been  catabolized.  The  rate  of  ascorbate 
side  chain  oxidation  would  appear  to  increase  with  tire. 

Prior  to  the  i.v.  labeling  of  the  macaque  monkey  with 

14 

ascorbic-6-  C acid,  the  monkey  fasted  for  twelve  hours. 

The  monkey  also  fasted  twenty-four  hours  post-label. 

This  procedure  allows  the  labeled  ascorbic  acid  to  enter  the 
ascorbate  pool  with  the  long  turnover  time.  This  long 
turnover  ascorbate  pool  appears  to  be  in  the  reduced 


ascorbate  side  chain  conformation.  The  ascorbate  side  chain 
oxidized  derivatives  ore  formed  and  released  from  this  pool 
which  slowly  exchanges  with  the  circulating  pool. 

The  55  formaldehyde-  'C,  oxalate-  C,  and  formate-  C 
recoveries  from  periodate  degradations,  and  the  recovery  of 

3 3 

43  ‘ li2Ci  frem  the  ascorbic-6-  H study  imply  that  the  ascorbate 

This  data  can  be  used  to  suggest 


side  chain  is  oxidized. 


possi fcl ascorbate  side  ciiain  derivatives  v/i tit  the  common 
factor  of  tritium  loss  on  the  ascorbate  C-6  carton.  The  possible 
structures  include: 

-CKCH-CilO 

-C!!CI!-C00i!  or  -CliO!i-COOK 


0 

-C-COGii 


or  -C-CCCR 


Analogous  thic  or  nitrogen  derive,  tizations  are  possible  but, 
seem  less  likely  from  a metabolism  perspective. 

The  data  further  suggest  the  ascorbic  acid  C-6  carbon 
is  actively  metabolized  by  a process  that  loses  hydrogen.  It  is 
apparent  that  the  nature  of  ascorbate  carbons  5 and/or  6,  to 
periodate  degradations,  changes  in  the  ascorbate  metabolites. 

The  limited  number  of  different  types  of  biochemical  reactions 
and  on  the  basis  of  the  data  allow  the  postulation  of  a 
reasonable  metabolic  pathway.  A speculative  metabolic  scheme 
for  ascorbate  catabolism  is  as  follows: 


t 


Pathway  A is  characteristic  of  known  catecholamine 
(cocc  rf  S , pa ? t iculoriy  norep 'inephri  no.  Norepinephrine  i j side 
chain  oxidized  by  monoamine  oxidase  to  the  aldehyde. 

The  aldchy-le  i„  either  oxidized  or  reduced  to  the  acid  or 
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chromatography , to  suggest  this  C-C  acid  derivative  is  an 
ascorbic  acid  metabolite.  The  reversibil ity  of  the  first  step 
in  the  proposed  ascorbate  metabolic  pathways  is  not  proven. 

The  loss  of  tritium  during  oxidation  is  known.  The  major 
reason  for  proposing  the  reversibility  of  the  oxidation  to 

the  aldehyde  is  by  analogy  to  catechol  metabolism. 

14 

The  recovery  of  oxalate-  C indicates  the  oxidation 
of  the  ascorbate  carbon  5 is  a probable  metabolite.  Loewus  has 
suggested  the  importance  of  carbon  5 oxidation  in  the 
biosynthesis  of  ascorbic  acid  (20).  The  5-ketoacid  compound 
could  be  oxidized  at  the  C-f>  carbon  and  form  the  x-ketoacid. 

The  ascorbate  ketoacid  derivative  would  give  oxalate  when 
treated  with  periodate-  The  ascorbate  ketoacid  could  be 
easily  decorboxylated  and  form  the  five  carbon  compounds 
suggested  by  loss  of  peaks  I and  II  from  the  DCAE-32 
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c'erivati, rations  can  be  proposed. 

Another  interest  in  C-G  oxidized  derivatives  of  ascorbate 
would  ■:rise  from  the  ability  of  these  functional  groups 
to  covalently  bond  to  proteins  arid  polysaccharides . 

These  covalently  bonded  ascorbate  forms  would  retain  the 
enediol  lactone  ring  and  maintain  its  potential  as  a 
catalyst.  The  similarity  in  the  ascorbate  side  chain  and 
catecholamine  metabolism  with  monoamine  oxidase  lead  to 
many  questions,  including  whether  the  catechols  and  ascorbut 
are  degraded  by  similar  enzymes. 
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Taole  I 


Periodate  Degrad 

lotion  Yield  from 

3.33  mmoles 

of  Ascorbic 

Ac  i d 

mmoles  of 
Formaldehyde 

mmoles  of 
Oxalate 

mmoles  of 
Formate 

mmoles  of 
• C09 

Yield  m!l 

3.12 

3.36 

5.15 

3.30 

Calculated  yield  nf 

I 3.33 

7 OO 

0 . o j 

6.66 

3 . 33 

i Yield 

93.5 

100.8 

77.0 

90.0 
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Calculated  as  percent  to  total  carbon-14  recovered 
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as  State  M versa ty 
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The  hydro': /sis  or  corbata-3- -ul  f ate  by  the  enryme, 

ascorbate-2- sal fate  sulfohydrolase,  purified  fron  bovine  live-'  has  oeen 
shown  to  ne  pawetrfuHy  inhibited  by  ascorbate-  -ono  Dhate.  The  Inhibitaoi 
by  ascorbate  phosphate  is  coraDotitive  --i tr.  a . a;  '.3  3a  HPO.  also 
inhibits  ay  an  apparent  non-competitive  process.  The  Na  HPO  concentration 
at  50“  inhibition  is  7.7  -.11.  A possmie  ca  >trol  role  "or  ;sccrcata  .‘roso'.  *e 
in  ascorbate  biochemistry  is  suggested. 

Ascorbate-2-su i fate  is  a naturally  cccurrirg  m»:*aboI  >ta  o'  • scorn tc  acid 
wnich  was  first  found  in  brine  shrimp  cyst'  and  nr.ce  then  in  the  urine 
man,  monkeys,  rats,  and  guinea  pigs  ,1,  3,  4,  6).  It  is  probably  i 

storage  form  of  ascorbate  in  trout,  and  in  far:  aii-ves  scurvy  in  i-  . 

The  enzymic  hydrolysis  - ascorbate  sulfate  w.v,  first  observed  tv  t.,11  an 
using  a crude  arylsulfatase  A -reparation  from  f cine  liver  (6', . Since  t*v', 
jscornate  sulfate  sulfohydrolase  has  been  cartiaily  pwtfied  ana  characte1'- 
i zed  from  bovine  live1'  (7,  3'  and  from  a marine  gastropod  (9,  iu,  ■.  In 
both  of  tiiese  cases,  the  ascorbate  sulfate  sufolv/irolase  activity  co-puri- 
fied  with  arylsulfatase  A activity  measured  us  inn  o-nitrocatecnol  sulfate 
as  a substrate.  Ascorbate  sulfate  is  a good  so: ■*>  te  for  puri'ied  arylsu  - 
fatase  A (13i.  Both  ascorbate  sulfate  sulfohvd**.  lase  ana  aryls  i fat.ase 
activities  are  inhibited  by  ascorbate  phosphate  and  by  ‘ia  :,L"0..  However, 
arylsulfatase  is  inh:  ited  to  a lesser  degree  than  ascorbate  sulfate  sulfo- 
h/drola.e  unpublished  dat.il.  In  the  case  of  the  marine  gastropod,  ascorbate 

C'»y>\rMV>.'  r\  l.  uiit'Wf  l'ri'w.  In 

Ai  <>T  rvpr  ‘..ta  rrn’t  M >rt\  *n  rr-t-n  < ./ 
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133  been  surifiea  eO.OCj  fold  be  vine  liver  by  orocecures  wn  • zr  n 

orecarati  ~.r.  for  rue's : cction.  ---y1sulf.it  ice  A activity  cc-our-f’e:  »ith 
ascoruate  sui  '--e  sulfsnydrolase  throunrout  tiese  procedures. 

■-  :•  -■  • . "he  enzvre  assav  cons'  ts  a-  folic-wira  t^e  red'-ctisn  - 

2 , £-di  cn  1 : i n a renoi  oy  the  .-score  *te  vo-cr  -s  Dr'jvceo  ■rjrin.-  tie  enzyevi  •. 
Hydrolysis,  "he  decrease  in  apsoroar  ;u  is  foi's-ea  at  die  whi  :n  ;s  the 
-sobesti;  ro-r.t  of  2,S-dichloro1''aoor--nol . Tr.e  oH  of  the  ass.iv  re  sett  an  i > 
ori  4.3  which  is  also  the  ooti.nu.r..  Sinca  ascortate  sulfate  is  slowly  ana 

hydrolyzed  at  this  DH,  a non -enzymic  hvorolysis  is  lsed  a control . 1”  the 

kinetic  studies,  1.5  ml  of  3.15  wH  2,6-dichloroindobhenot  in  0.05  M Kfic  c-H 
c.3  are  claced  in  a 3 ml  cuvette.  To  -is  added  an  acproc-’ate  arcunt  of 
70  rrJ-1  dipota  “iuni  ascorbate  sulfate,  0.5  a Ac  or  KAc.  and  water  tc  -ive  a 

total  volume  -f  2 'l  and  an  ionic  strenatn  cf  0.1 . Tri sodium,  ascort.-t~ 

or  tnate  an;  NariPO..  are  audea  so  that  their  final  concentratin'  are  f 

0.2  to  0.4  ana  from  7.7  to  la.  3 *•’  resoe  ;t i . el v.  To  the  cuvette  is  adc-sc 

0.05  ml  of  a 40/1  dilution  of  purif-ed  enzye  solution  which  had  a • initial 

protein  concentration  of  0.26  • : : (deter:---eh  ev  the  Lowry  method  usi"  2'A 

as  a standard;.  For  eacn  substrate  concert -ation  the  non-enzymi c hydrol vs -s 
rate  is  subtracted  from  the  hydrol vr i s rate  with  the  enzyme  to  o’ve  the  true 

rate  of  anzy-ic  hydrol-. "Is.  The  rate  -f  n-afon  at  eacn  substrate  concen- 

trafinn  s nsasured  three  to  four  times. 

RESULTS  AND  DISCUSSION 

Fiotire  1 (Toe)  snows  that  the  Km  for  ascoroate  sulfate  is  12  mM,  mo  th  it 
the  inhibition  oy  ascorbate  oncsohate  is  xmoetltive  ana  very  powerful  with  a 
Kj  of  0.3  Finure  1 (Button)  shews  the  inhibition  by  Na  fPO..  The  intersec- 
tion ooi nt  is  to  the  left  of  the  1/v  axis  wnicii  indicates  non-co-  etitive  1r.ni- 
bi t ion.  -i  v-ver,  the  area  of  inters-  cticn  is  .‘lose  to  the  ze-0  line  and  a snail 
s /stem ' ; ery'ny'  could  live  competitive  inhibition.  ;hus  the  tvn-  1 c tnhibi- 
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OH  CH  CH  QH 

Figure  1.  ascorbic  acid  Figure  2.  L-tiireo- 

saccliaroascorbic  acid 

fne  data  collected  can  be  divided  into  two  cateoories , 
that  collected  from  thin  layer  chromatography  plates, 
and  that  from  column  chromatography.  One  may  note  that 
the  data  from  the  TIC  plates  is  in  sc  e ways 
inconclusive,  but  the  column  data  shows  some  nice  corre- 
lation.:, and  may  well  serve  as  a valuable  separation 
technique  for  ascorbic  acid  chemists. 

The  animal  portion  of  these  experiments  was  done 
for  us  by  the  Letterman  Army  Institute  if  Research  in 
the  Presidio,  San  Francisco.  A 3 kg.  macaque  monkey, 
fed  a normal  diet  (ad  lib)  with  300  mg.  As/da.y  was  given 
20  ran.  of  As-r’-  \ (65  ;C.)  intravenously.  The  urine 


was  collected  dai 1 and  kept  >ozen  until  it  was  shipped 
to  us  packed  in  dry  ice.  It  was  stored  here  ir  a deep  fr 
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Si-  TLC  systems  were  developed  by  trial  and  error 
that  would  separate  SAs  from  As.  These  systems  were 
used  to  separate  the  labeled  urine,  along  with  ste  idai  is. 
Autoradiographs  were  then  made  of  the  plates  by  scraping 
sections  of  silica  gel  and  counting  tt: ... . with  a liquid 
scintillation  counter.  Grams  made  of  the  radioactivi  ty 
versus  fraction  number  revealed  any  possible  correlations 

Methods  and  Materials 

Making  Silica  Gel  Plates:  TLC  plates  were  made 
using  a spreader  from  "Quickfit  Instruments"  in  England. 
Silica  gal  type-  H from  Sigma  Chemical  Company  was  mixed 
with  water  in  a ratio  of  1:2  by  weight.  The  mixture 
was  then  poured  into  the  slide,  and  spread  to  a thickness 
of  1 mm.  Gently  dropping  the  entire  spreader  helped 
the  bubbles  to  settle  out.  The  plates  were  air  dried 
at  noom  temperature,  and  then  stored  in  an  oven  at  OO'C. 
For  mere  or  thin  layer  chromatograph;  , see  Randerath  (1). 


Preparation  of  ~ ae  Lain.:  (2):  Five  ml.  of  the  day 


8 urine  was  filtered  through  a Diaflo  membrane  using 
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45  p.s.i.  of  nitrf:cien  as  a propellant.  This  urine  was 
blown  down  to  1 ml.  at  _7°C  under  more  fl. . Next , it 
.vas  run  through  a DEAE-32  col  mm  in  the  sulfate  for 
(30  X cm.)  with  the  following  gradients: 

1)  75  ml.  each  0.006  M H9S01  and  0.009  M 0.50, 

2)  50  ml.  each  0.009  K H.SO^  and  stripper 

3)  30  -’.I.  stri  .per  (0.2  '1  lla.SO,  in  0.002  M H,$04) 

Fractions  were  collected,  counted  for  radioactivity, 

and  frozen.  A graph  was  made  of  the  radioactivity  (DPM) 
versus  fraction  number  (see  Figure  3). 

In  order  to  simplify  the  TIC  plate  data,  the  fractions 
were  divided  into  groups,  using  each  major  peak  as  1 group 
(see  Taole  1).  Each  group  was  thawed,  pooled,  .nd  rotovaped 
to  a small  volume.  fL  was  used  to  further  reduce  the 
volume  until  a precipitate  began  forming.  Water  was  added 
to  just  clear  the  solution. 

Table  1.  Division  of  radioactive  peaks  into  groups. 


Group  j 

Fraction  numbers 

1 

6-10 

9 

c 

11-15 

3 

16-18 

4 

19-25 

Spotting  end  Elution  of  TEC  Plates:  TLC  plate  were 
prepared  by  drawing  vertical  lines  ith  a razor  blade 


0 


s' 
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1 cm.  apart  across  the  entire  plate.  Spotting  was  done 

I 

between  the  vertical  lines,  1.5  cm.  from  the  bottom. 

The  sample  was  spotted  in  the  center,  and  standards  were 
spotted  on  either  side  of  this.  The  plate  was  placed 
in  200  ml.  of  freshly  mixed  solvent  (see  Table  2)  and 
allowed  to  elute  within  2 cm.  of  the  top  (2-5  hours). 


Table  2.  Solvent  Systems 


System 

Rci 

tio 

Abbreviation 

*Chloroform:Methanol  : via  ter:  Acetic  Acid 

65 

: 50 

: 1 5 : 2 

CM.WA 

Acetic  Acid :Ethanol :Benzene 

10 

: 50 

:40 

AEB 

*Acetone:ilethanol :Benzene:Acetic  Acid 

5: 

20:; 

20:5 

AMBA 

*n-E5utanol  rAcetic  Acid:Carbon  Tetrachloride 

75 

: 1 5 

: 1 5 

BAT 

Acetic  Acid :Methanol :3enzene 

10 

: 50 

: 40 

AMB 

n-Eutanoi :Acetic  Acid: Chloroform 

70 

: 20 

: 1 5 

BAC 

Acetone : Methanol : Benzene 

10 

: 50 

:40 

AcMB 

*Best  Systems 

The  plate  was  removed,  and  the  solvent  front  marked. 

In  order  to  visualise  the  standards,  but  not  the  sample, 
the  plate  was  sprayed  with  a 2"  iodine:ethanol  solution 
while  covering  the  sample  with  a sheet  of  notebook  paper. 
Data  was  recorded,  after  dividing  the  plate  into  cones  for 
counting  (see  Figure  4). 

Liquid  Scintillation  Counting:  After  the  plates 
were  divided  into  zones,  each  sample  zone  was  scraped  off 


i 
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the  plate  into  a glass  counting  vial,  and  mixed  with  15  ml.  of  a 
counting  solution.  Two  solutions  were  used,  the  first 
consisting  of  200  gras,  napthalene,  10  gms.  2 ,5-di phenyl  - 
oxazole  (PPO),  and  scintillation  grade  dioxane  to  rake 
2 liters.  The  second  solution  contained  8 orris.  PPO, 

150  nig.  dimethyl  P0P0P,  and  scintillation  grade  toluene 
to  make  2 liters.  The  dioxane  solution  had  better  solvation 
properties,  but  is  more  expensive  to  use,  and  is  carcin- 
ogenic. Efficiency  tests  were  used  to  correct  the  data, 
so  the  solution  used  is  not  too  important. 

| 

Data 

For  simplicity,  all  the  data  is  presented  here  in 
the  form  of  graphs.  The  plots  are  of  radioactivity 
versus  fraction  # (zone  #).  The  position  of  standards 
is  shown  by  horizontal  lines  drawn  over  the  zones  in 
which  they  were  found.  A peak  located  over  a standard 
line  is  a correlation.  It  is  suggested  that  one  remove 
(carefully)  the  graphs,  and  place  them  on  a large  table 
so  they  can  be  rearranged  when  interpreting  this  data. 

The  solvent  system  used  is  marked  in  the  upper  left  hand 
corner  of  each  graph,  using  the  abbreviations  found  in 
Table  2.  Th>  group  number  is  found  underneath  the  solvent 
system. 


Fraction  Number 
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Discussion 


Thors  are  a number  of  questions  that  this  data  could 
shed  so’  le  light  n,  the  first  being  the  number  of  radioactive 
comoounds  present  in  the  urine.  By  looking  at  the  four 
graphs  for  groups  I-iV  with  CMWA  as  a solvent  (.  igures  5,  G 
12  and  14),  one  can  see  a '■  :nimum  of  six  and  a maximum 
of  nine.  Group  I shows  one  compound  at  the  origin,  and 
another  in  cones  6 through  9.  Group  II  also  shows  one 
at  the  origin,  which  may  be  the  same  as  that  in  Group  I. 

Group  II  shows  one  in  rones  5 and  6,  one  in  zone  10,  and 
one  in  zone  13.  Group  III  shows  1 at  the  origin,  and 
1 in  zones  3 through  7.  The  latter  may  be  overlap  from 
the  second  peak  in  group  II.  Finally,  group  IV  shews  1 
compound  in  zones  7 through  10.  It  is  interesting  to  note 
that  the  compound  in  Group  IV  appeared  as  a yellow  splotch 
on  the  TLC  plate  in  this,  as  well  as  other  systems. 

Using  this  same  analysis  technique,  the  AM FA  data 
seems  to  show  a minimum  of  4 and  a maximum  of  6 (sub- 
stituting one  of  the  other  systems  for  the  one  missing  here 
for  group  IV).  The  other  systems  are  rather  sketchy, 
but  seem  to  confirm  that  there  are  between  4 and  10 
compounds.  As  mentioned  before,  this  data  is  inconclusive, 
but  does  put  one  in  the  right  ballpark. 

The  second  question  posed  when  looking  at  this  data 
concerns  the  pres 'ice  of  SAs.  When  SAs  is  put  on  the  DEAE-32 


sulfate  column,  it  is  eluted  in  the  vicinity  of  group  TI. 
The  data  here  shows  a correlation  between  a radioactive 
hump  and  the  SAs  standard  in  the  CMWA  system.  Group  I 
(Figure  5).  The  AMBA.  system  (Figure  0}  shows  radioactivity 
in  that  area  also,  so  we  cannot  di sconfirr  its  presence 


in  Group  I.  For  the  Group  II  data,  there  are  nice  correlations 
in  the  CM1-JA  and  AMBA  (Figures  7 and  3)  systems,  and  no 
discontinuation  in  the  BAT  system  (Figure  9).  Group  III 
data  shows  one  correlation  in  the  CMWA  system  (Figure  12), 
though  a poor  one,  and  near  misses  in  the  other  three 
systems  (Figures  10,11,  and  13).  Group  IV  data  shows 
correlations  in  the  AMB  and  BAC  systems  (Figures  15  and  1 
bus  also  shows  two  nice  disconf irmations  in  the  AcMB 
and  CMWA  systems  (Figures  14  and  15). 

Or,  the  basis  of  this  data  alone,  one  could  suggest 
that  SAs  is  present  in  Groups  I and  II.  The  fact  that 
it  comes  out  in  Group  II  on  the  column  helps  determine 
that  it  is  not  present  in  Groups  III  and  IV.  However, 
it  may  be  that  there  is,  indeed,  some  overlap  in  Group  I. 

One  should  note  again  that  these  conclusions  are  somewhat 
sketchy.  The  lack  of  good  Ft'  here  is  compounded  by 
the  possibility  that  high  ion  concentrations  in  the  urine 
are  interfering  with  the  results.  This  problem  is  dealt 
with  in  Part  II  (see  page  ?6). 
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The  last  bit  of  discussion  here  will  concern  the 
nature  of  these  compounds  on  the  basis  of  their  chromato- 
graphic properties.  One  should  recal1  that  these  compounds 
all  came  off  a DEAE-32  column  (a  weak  base)  with  a very 
dilute  S04~  solution,  and  none  came  out  in  the  void 
volume,  so  they  are  all  weak  acids,  or  neutral  compounds. 

This  would  be  expected  if  they  are  derivatives  of  ascorbic 
acid. 

Speculations  are  more  difficult  from  the  TLC  data. 

One  must  recall  that  silica  gel  is  a powerful  adsorbent, 
and  that  elution  will  take  place  largely  due  to  the  polarity 
of  the  compound  in  question.  In  general,  it  seems  that 
the  more  polar  solvents  (CMWA,  AMB,  and  BAG)  gave  the 
larger  values.  In  addition,  it  seems  that  acetic  acid 
was  a necessary  component  in  these  systems  to  move  anything. 
One  could  say,  then,  that  these  compounds  are  being  adsorbed 
quite  strongly  on  the  silica  gel.  This  would  also  be 
expected  if  the  compounds  are  As  derivatives.  It  is 
interesting  to  note  that  these  compounds  all  behaved 
similarly  on  the  column  and  on  the  plates.  This  lends 
additional  support  to  the  theory  that  these  compounds  are 
all  ascorbic  acid  derivatives. 

The  question  as  to  what  these  derivatives  are  is  near 

impossible  to  answer.  On  the  basis  of  where  SAs  and  As-2-S0, 
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are  eluted  on  the  column,  one  could  say  that  Group  III 
and  IV  compounds  are  stronger  acids  than  SAs  and  weaker 
acids  than  As-2-SO..  However,  our  conclusions  are  limited 
to  that.  A variety  of  derivatives  have  been  wade  (3),  and 
it  is  only  a matter  of  time  before  these  unknowns  are 
[ elucidated. 

PART  II:  COLUMN  CHROMATOGRAPHY 

A number  of  columns  were  experimented  with  before 
a suitable  one  was  found  for  our  purposes.  Each  one  will 
be  discussed  briefly  here  before  continuing  with  the 
- successful  one.  The  first  column  tried  was  an  AG-1 

resin  in  the  ammonium  carbonate  form.  It  was  thought 
that  a strongly  basic  column  would  give  a good  separation. 
Difficulties  arose  when  it  was  found  that  fls  and  SAs  are 
unstable  at  the  column  pH  ('9)  a d decompose  before 
elution  can  take  place. 

The  second  column  tried  was  also  an  AG-1  resin, 
but  in  the  formate  form.  Formate  was  chosen  because  of 
its  ease  of  removal.  It  was  soon  found  that  almost  5 M 
formic  acid  was  needed  to  push  SAs  off  the  column,  so  it 
was  decided  to  go  to  a weaker  resin. 

DEAE-32  in  the  formate  form  was  the  next  try,  but 
did  not  seem  to  give  good  separations.  Since  the  elution 
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concentrations  were  in  the  right  range,  ammonium  formate 
was  tried,  and  found  to  give  good  separations.  The  best 
were  obtained  when  the  pH  was  adjusted  to  3.5.  A good 
characteristic  of  ammonium  formate  here  is  that  it  can  be 
lypholyzed  off  if  desired. 

Methods  and  Materials 

Preparation  of  the  Column:  The  resin  was  prepared 
according  to  the  instructions  in  the  Whatman  pamphlet 
"Advanced  Ion  Exchange  Celluloses"  using  step  3 under 
"Equilibration".  .5  M ammonium  formate  was  used  as  a 
buffer.  It  was  degassed,  and  then  poured  into  a 2c  X 
I cm.  column  using  a large  glass  tube  as  a pipette. 

The  resin  was  rapidly  pumped  down,  and  topped  off  as 
needed  to  keep  the  column  full.  It  was  then  rinsed  with 
double  distilled  water  to  a constant  pH  (-5). 

Equilibration  of  the  Column:  .5  M ammonium  formate, 
adjusted  to  pH  = 3.5  was  used  as  a stripper  to  remove 
impurities  from  the  column.  50  ml.  was  found  sufficient 
in  most  cases.  This  was  followed  by  a double  distilled  water 
rinse  until  the  pH  was  constant. 


Preparation  of  the  Urine:  Urine  was  prepared  by  passing 
it  through  a diaflo  membrane  under  45  p.s.i.  N„.  It  was 
then  blown  down  under  more  N?  at  37°C  to  .5  ml. 
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Preparation  of  the  Urine  withou t C1~  Ions : Urine 
can  be  prepared  with  most  of  the  Cl  ions  removed  if 
interference  is  encountered.  The  silver  formate  used 
to  accomplish  this  can  be  prepared  as  follows(4): 

Mix  silver  nitrate  to  a IT  solution  and  precipitate 
it  with  50:  NaOH.  Spin  the  solution  down,  and  wash 
the  precipitate  with  water.  Then  dissolve  the 
precipitate  in  formic  acid  diluted  to  pH  = 2. 

This  silver  formate  solution  can  be  used  to  precipitate 

Cl  ions  from  the  urine  after  it  has  been  filtered  through 

the  diaflo  membrane.  A centrifuge  is  helpful  to  spin 

down  the  cloudiness  between  subsequent  additions  of  the 

silver  formate  solution.  Add  the  solution  only  as  long 

4- 

as  cloudiness  appears,  since  extra  Ag'  ions  in  solution 
are  undesireabl e.  The  urine  may  then  be  blown  down 
at  37°C  to  0.5  ml . 

Running  the  Column:  The  column  was  run  at  a speed  of 
0.5  ml. /min.  Fractions  were  collected  every  five  minutes. 
The  gradient  was  200  ml.  of  degassed  ammonium  formate 
from  a concentration  of  0 to  0.5  M at  a constant  pH  = 3.5, 
followed  by  50  ml.  of  stripper  (0.5  M ammonium  formate 
at  pH=  3.5).  The  sample  was  applied,  and  the  gradient 
begun  immediately  The  UV  scanner  was  also  turned  on  and 


zeroed.  It  was  sometimes  necessary  to  increase  the  pump 
speed  slightly  near  the  end  of  the  gradient  to  prevent 
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the  column  from  running  dry. 

Llouid  Scintillation  Counting:  The  solutions  used  were  the  same 

as  those  for  the  TLC  plates  (see  page  5).  The  dioxane  was  again  found 

to  be  a much  superior  solvent.  Solubilize1"  was  usually  needed,  and 

1-3  ml.  of  Dr.  Tolbert's  solubilizer  was  sufficient.  The  solutions  were 
14  3 

counted  for  C and  H,  and  efficiency  tests  were  done  to  correct  the 
data . 


Data 

The  data  will  again  be  presented  in  the  form  of  graphs,  plotting 
DPM  versus  fraction  number.  Pea'-.s  that  have  been  identified  will  be 
labeled  as  such.  The  first  run  was  done  with  10  ml.  of  urine,  and 
did  not  have  the  Cl'  ions  removed.  As,  SAs,  As-2-SO^,  and  SAs-2-SQ_, 
were  added  as  cold  carriers  (see  table  3). 

Table  3.  Spikes  added  to  the  first  run. 

Substance Amount  Added Recovery  Zones 


As 

0.25  mg. 

4-5 

SAs 

0.3  mg . 

6-7 

SAs - 2 -SO ^ 

0.2  mg . 

27-28 

As-2-S04 

2.0  mg . 

35-36 

The  UV  scan  obtained  showed  a variety  of  absorbing  compounds  present 
(see  figure  18). 


' Absorbance 
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Fraction  Number 

Figure  18.  UV  Absorbance  from  run  - 1. 

The  second  run  was  done  with  5 ml.  urine  which  was  treated  tc  remove 
the  Cl"  ions.  This  was  spiked  with  1 mg.  SAs.  It  was  recovered  in 
zones  9-15.  The  correlation  in  this  run  is  quite  spectacular  (see  Figures  19  and  211. 
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Di scussion 

There  are  two  nice  correlations  between  SAs  spikes  and 
radioactive  peaks,  whirr,  add  consideraDle  support  to  the  theory 
that  SAs  is  present  in  the  urine  as  a metabolite  of  As. 

In  run  number  1 the  spike  was  recovered  in  zones  6 and  7 
(Figure  13  Table  3)  and  a radioactive  peak  was  found  in 
zones  6 and  7 (Figure  20).  In  run  number  2 a spike  was  re- 
covered  in  zones  9 through  15  (Figure  19),  and  a radioactive 
peak  was  found  in  zones  10  through  15  (Figure  21).  So  there 
is  undoubtedly  a compound  in  urine  that  behaves  chroma to- 
graphically  like  SAs. 

It  appears  that  each  of  the  radioactive  peaks  that  are 
believed  to  be  SAs  comprises  about  9%  of  the  total  radioactivity, 
so  it  is  present  in  a significant  amount.  It  may  be  that 
more  was  present  originally,  and  that  it  decomposed.  On  the 
other  hand,  it  is  also  possible  that  the  9%  SAs  is  the  deg- 
radation product  of  another  metabolite. 

One  may  ask  next:  What  does  the  large  radioactive  peak  consist 
of?  It  is  most  likely  the  major  metabolites  of  As,  though 
we  cannot  discard  the  possibility  that  it  may  be  decomposition 
products  of  the  major  metabolites.  According  to  the  TLC  data, 
it  may  consist  of  4 to  6 different  compounds.  They  almost 
surely  contain  the  As  ring,  since  they  behave  so  similarly 

e 


32 

to  As  on  the  column.  There  are  a variety  of  derivatives 
made  that  could  be  candidates  for  this  peak(3). 

It  is  interesting  that  the  UV  scans  of  both  runs 
(Figures  IS  and  19)  show  a variety  of  UV  absorbing  compounds. 

This  is  to  be  expected.  Only  the  large  proteins  have  been 
removed  from  our  samples,  and  the  urine  contains  a variety 
of  bod i I discards  that  would  absorb  UV  light. 

Conclusions 

It  is  difficult  to  make  any  solid  conclusions  based  on 
this  evidence  alone,  but  one  can  determine  with  strong  certainty 
that  SAs  is  present  as  a urinary  metabolite  of  As.  There  has 
also  been  some  light  shed  on  the  other  radioactive  material 
present.  It  is  probably  a group  of  metabolites  or  decomposition 
products  exhibiting  weak  acid  properties.  The  chances  are  good 
that  the  As  ring  is  still  intact,  since  ring  breakdown  would 
change  its  chromatographic  properties  drastically.  More  studies, 
however,  need  to  be  conducted  to  answer  these  questions. 

There  are  several  experiments  that  could  be  done  to 
further  elucidate  the  SAs  problem.  The  first,  which  will  be 
done  in  the  lab  this  fall,  is  to  isolate  the  radioactive  SAs 
from  the  appropriate  fractions,  mix  it  with  non-radioactive 
SAs  of  good  purity,  and  recrystal  1 i re  it  to  a constant  specific 
activity.  This  will  show,  with  great  certainty,  that  SAs 


really  is  what  we  are  looking  at.  It  will  not,  however  discard 
the  possibility  that  SAs  is  only  a decomposition  product, 
or  otherwise  unimportant. 

An  experiment  to  demonstrate  the  importance  of  SAs  would 
be  to  isolate  radioactive  SAs  from  the  liver  or  brain  of  a 
guinea  pig  injected  with  labeled  As.  This  would  show  that  SAs 
is  present  in  the  body,  and  not  just  as  a urinary  metabolite. 

A third  experiment,  which  would  show  SAs  present  in  the 
urine  beyond  any  shadow  of  a doubt,  would  be  to  isolate  enough 
of  it  in  a pure  form  to  run  an  NtIR  or  mass  spectra  on  it. 

This  may  prove  difficult,  though,  as  large  amounts  are  required, 
and  studies  are  still  being  done  on  a small  scale  basis. 

In  any  case,  further  experimentation  in  this  area  should 
prove  to  be  exciting  and  rewarding. 
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